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Specification

LITHOGRAPHIC PRINTING METHOD AND APPARATUS, PLATE MAKING METHOD

AND APPARATUS, AND INK JET PRINTING METHOD AND APPARATUS

Technical Field

> T
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ol channef head recording device. The invention further relates to

esent invention relates to an ink jet recording method

s an image having a good quality using a multiple

10 an lifhographic printing method and apparatus which carries out.-

a gplate making method and apparatus‘which carries ‘out the-

1gital-platemaking, andan ink jet printingmethod and apparatus.

15 Background Art

As a method for applying an ink jet recording methéd to a
printing system, a method for additionally printing variable
numbers, marks, etc., on the same sheets of paper with the ink
jet system by additionally attaching an ink jet printing apparatus

20 to a rotary press has been disclosed in, for example, ﬁapanese
Patent Unexamined Publication No. Hei-10-286939.

It is preferable that high quality image information such
as photographic images can be printed. However, since a great deal
of liquid drops including much solvent is ejected in an ink

25 technology for jetting aqueous or organic solvent-based ink, which
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includes conventional dyes or pigments as coloring agents, under
pressure, there is a problem in that ink blurs out onto a printed
image. unless. expensive specialty shéets of paper are used.
Therefore, where printing images on normal sheets of paper
5 or plastic sheets of a non-absorbing type, no high quality printed-
image can be obtained.
~In addition, as one of the ink jet technologies, there is

a method in which ink that is solid in a normal temperature is

aE E

" heated and melted, and an image is formed by jetting the liquefied

10 ink. - The blurring of printed images may be reduced by using the .

ink:. However, since the viscosity of the ink is high when:ejecting.

the same, it isdifficult to jet minute drops of ink, and individual - -

=
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dot images thus obtained become large in area and thick, wherein
it is difficult to form highly fine images.

15 In the ink jet recording method using the conwventional

E NN

multiple channel head, when image recording is effected with an
‘image resolution of 600 dpi, the various electrodes of the head
each have a size of about 126 um, which corresponds to about 200
dpi, under restrictions in working. Accordingly, explaining
20 4-channel head as an example as shown inFig. 11, thevariousejection
electrodes 56- (1) to 56-(4) each move by two steps each being about
42 um, which corresponds to 600 dpi, and skipped by 10 steps to

continue image recording.
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In this case, however, a so-called cross talk phenomenon
occurs, causing ink particles to be exhausted in the head and hence
reducing the diameter of dots thus formed or disabling-ejection.

Further, adjacent ink droplets which have been ejected are
off the course which they should follow dufing flying due to
electrostaticrepulsion,occasionallydeterioratingtheprécision'

On the other hand, in the field of lithographic printing,

-:inkreceptiveareasandinkrepellentareasareformedonjasurfacé
-of aprintingplate in accordance with an original image.: Printing
».ink adheres to-:the:-ink. receptive areas to::effect. printing.

'Ordinarily, hydrophilic areas and oleophilic (inkreceptive) areas

are formed imagéwise on the surface of a printing plate, and the

~hydrophilic areas are converted to oil-based ink repellent areas

by applying dampening water thereto.

Conventional image recording (plate-making) on a printing

.original plate is carried out by exposing a silver salt photographic

filmwith the desired image in an analog or digital manner, exposing
a photopolymer material (printing original plate) containing a
diazo resin or a photopolymerizable polymer to light through the
silver halide photographic film, and then dissolving out the
non-image areas mostly with an alkaline solution.

With recent improvements in digital recording technology
and the demand for more efficient printing processes, various

methods where digital image information is directly recorded on
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a printing original plate have been proposed in the field of
lithographicprintingmethod. Thesemethods include technologies
referred to a CTP (computer-to-plate) and a DDPP (digital direct
printing plate) method. As the plate making method, there is
provided a system: where the image is recorded in a photon mode
or heating mode using-a laser beam. Some of these methods have -
been put to practical use. i

However, after the image is recorded on a plate using either

the photon mode or - -the heating. mode, the non-image areas are- .

dissolved out by treating the plate with an alkaline developer,
‘resulting in the discharge of an alkaline waste liquid, which is-

environmentally undesirable.

As ameans.of carrying out tﬁe printing process at an enhanced
efficiency there is proposed a system in which image -recording
is carried out on the press. The foregoing method involving the
use of laéer may be employed. However, this method requires an
expensive and large-sized apparatus. Thus, a systemutilizing an
ink jet method which employs an inexpensive and compact image
recording apparatus has been attempted.

Japanese Patent Unexamined Publication No. Hei. 4-97848
discloses a method which comprises forming an oleophilic or
hydrophilic imageonaplatedrum, whichishydrophilicoroleophilic
on the surface the’rle instead of the conventional plate cylinder,
by an ink jet process, and then removing the image after printing

to clean the plate drum. However, this method is disadvantageous
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in. that the desired removability of printed image (i.e.,
cleanability) and press life cannot be accomplished at ‘the same
time. In order to form a printed image having a prolonged press
life on the plate cylinder, it is necessary that an ink containing
5 a resin in a relatively high concentration be used. ' Thus, in the
ink jet recording means for forming a printed image, th_e resin
can be easily.solidified ‘due to the evaporation of solvent at the
nozzle, deteriorating the stability in the ejection of ink. As

a result, a good image can hardly be obtained.

"Furffhe®d, Japanese Patent Unexamined Publication No. :sho.

4-27953/d ses aplate-makingmethodwhich comprises recording ::-

an image of a oleophilic wax ink on a hydrophilic plate material
by an/ink jet process. 1In this method, since the image is formed

of afvax, the resulting image area has a reduced mechanical strength

and the adhesion of the image area to the hydrophilic surface of:
e plate material is insufficient, reducing the press life.
It is an object of the present invention to provide an ink
jet recording method using a multiple channel head which can give
an image having an extremely high and stable quality. Further,
20 it is an object of the present invention to provide a lithographic
printing method and apparatus for use with a digital recording
system requiring no development process. It is another object of
the present invention to provide a lithographic printing method
and apparatus capable of providing a large number of prints having

25 sharp images of high quality by an inexpensive apparatus and a
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simplified method. Further, it is still another object of the
invention to provide a plate making method and a plate making
apparatus for use with a digital recording system requiring no
development process. 1In addition, it is still another object of
the invention to further provide an ink jet printingmethod capable

of providing a print having sharp images of high quality by an

-‘inexpensive apparatus and a simplified method.

.Disclosure of the Invention
. (1) An on-press recording type lithographic printing method. -

comprising mounting é’plate material onaplatecylinder of apress, . -

ejecting.an oil-based ink onto the plate material from a recording
head having a plurality of ejection .channels utilizing an

electrostatic field according to signals of image data to directly.

form an image on the surface of the plate material and prepare

a printing plate, and then effecting the lithographic printing
using the printing plate as it is,

Awherein the distance of the ejection channels is 170 um or
more {150 dpi (150 dots per inch) or less as calculated in terms
of resolution of recorded image}.

(2) The on-press recording type lithographicprintingmethod
according to (1), wherein said oil-based ink is a dispersion
comprisingresinparticles which are solid and hydrophobic at least

at ordinary temperature dispersed in a nonaqueous solvent having
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an inherent electrical resistance of 10° Q-cm or more and a
dielectric constant .of 3.5 or less.

(3)° An. on-press recording type lithographic printing
apparatus comprising an image formiﬁg‘means for directly forming
an. image onto a plate material mounted on.a plate cylinder of-a
press by using an.ink jet recording device which ejects an oil-based
ink from a recording head having a plurality of ejection channels
accordingtosignalsof imagedatautilizinganelectrostaticfield,
a lithographicprintingmeans for effectingalithographicprinting

using a. printing plate formed by said image forming-means, -

. wherein image forming means includes the recording head - -

: having the distance of the ejection channels being:170. um or more

{150 dpi (150 dots per inch) or less as calculated in terms of
resolution of recorded image}.

(4) The on-press recording type 1lithographic :printing
apparatus according to (3), wherein said oil-based ink is a
dispersion comprising resin particles ‘which are solid and.
hydrophobic at least at ordinary temperature dispersed in a
nonaqueous solvent having an inherent electrical resistance of
10° Q-cm or more and a dielectric constant of 3.5 or less.

(5) The on-press recording type lithographic printing
apparatus according to (3) or (4), wherein said image forming means
includes a device for fixing the ink.

(6) The on-press recording type lithographic printing

apparatus according to any one of (3) to (5), wherein said image
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forming means includes plate material surface dust removing means
for removing dust present on the surface of the plate material
before and/or or during the recording of an image on .the plate
material.

(7} “The on-press recording type lithographic printing

apparatus according to any one of (3) to (6), wherein said image

- forming means-carries out main scanning by rotations-of the plate:

cylinder mounted on the plate material.
(8) . The on-press recording type lithographic printing

apparatus according to (7), wherein said-ink jet recording device

carries. out. subscanning by the recording.head approaching. and

seperatinginanaxialdirectionofsaidplatecylinderwhenrecoding

‘an .image.on said plate material.

(9) The on-press recording type lithographic printing

‘apparatus according to any one of. (3) to (8), wherein:said ink

jet recording device includes ink supplying means for supplying
the oil-based ink into the recording head.

(10) The on;press recording type lithographic printing
apparatus according to (9), further comprising ink recoveringmeans
for recovering the oil-based ink from the recording head,

wherein ink circulation is carried out by the ink supplying
means and the ink recovering means.

(11) The on-press recording type lithographic printing
apparatus éccording to any of (3) to (10), further comprising ink

stirring means in an ink tank housing the oil-based ink.
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(12) The on-press recording type lithographic printing-.
apparatus accdrding to any of (3) to (11), further comprising ink
temperature controlling means for controlling the temperature of
the ink in the ink tank housing the oil-based ink. .

(13) The on-press recording type lithographic printing

apparatus according to any one of (3) to (12), further comprising.

an: ink concentration controlling means for -controlling the-

concentration of the ink.
(14) The on-press recording type lithographic .printing

apparatus according to any of (3). to: (13), wherein.said ink jet

. recording . device: includes- recordingtaheadz.approaching. and:- .

. . separating means for moving the recording head away from the plate

cylinder except when recording the image on the plate material.

{(15) The.on-press recording type .lithographic . printing
apparatusaccordingtoanyof(3)to(14),whereinsaidimageforming
means includes recording head cleaning means for cleaning the
recording head at least after the termination of plate making.

(16) The on-press recording type lithographic printing
apparatus according toany of (3) to (15), whereinsaid lithographic
printing means includes paper dust removing means for removing
paper dust during lithographic printing.

(17) A plate making method comprising directly forming an
imaéeonaplatematerialandpreparingaprintingplatebyrecording
usinganinkjet methodwhichejectsanoil-basedink fromarecording

head having a plurality of ejection channels according to signals
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of image data utilizing an electrostatic field, a lithographic
printing means for effecting a lithographic printing using a
printing plate formed by said image forming means,

wherein the formation of the image onto the plate material

-is- carried out by the recording head having the distance of the

"~ ejection channels being 170 um or more {150 dpi (150 dots per inch)

or less.as calculated in terms of resolution of recorded image}:..

(18) The plate making method according to (17), wherein said

oil-based ink is a dispersion comprising.resin particles which . .

are solidand hydrophobicat least at ordinarytemperaturedispersed

. :in a nonaqueous solvent having an inherent.electrical:.resistance .

of 10°:Q-cm or - more and a dielectric constant of 3.5 or less.
(19) Aplate making apparatus comprising image forming means .

for directly - forming an image on a plate material by an ink jet

recording device which ejects an oil-based ink:from a recording

head having a plurality of ejection channels according to signals
of image data utilizing an electrostatic field,

wherein the formation of the image onto the plate material
is carried out by the recording head having the distance of the
ejection channels being 170 um or more {150 dpi (150 dots per inch)
or less as calculated in terms of resolution of recorded image}.

(20) The plate making apparatus according to (19), wherein
saidoil-based ink is adispersion comprising resinparticles which

are solidandhydrophobic at least at ordinary temperaturedispersed
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in a nonaqueous solvent having an inherent electrical resistance
of 10° Q-cm or more and a dielectric constant of 3.5 or less.

(21) The plate making apparatus according to (19} or (20),
wherein said image forming means includes a device for fixing the

5 --ink.

(22)TheplatemakingapparatusaccordingtoanyoneofClaims
{19) to (21), wherein said image forming means includes plate
material surface dust removing means for removing dust present

-on the surface of the plate material before and/or or during the -

£
£

:recording of:- an image on the plate material.-

~:{23). The plate making apparatus according to:any one of (19)-

to (22), wherein the image is recorded by 'causing a printing medium

il

to move by rotating the drum having the plate material mounted

TR
e

thereon when recording an image on the plate material.

15 .~ . (24) The plate making apparatus according to- (23), wherein

the image is recorded by causing the recording head to move in
an axial direction of said drum.
(25) The plate making apparatus according to any one of
(19) to (22), whereinwhen recording the imageontheplatematerial,
20 subscanning is carried out by causing said plate material to move
Qith the same pinched by at least a pair of capstan rollers.
(26) The plate making apparatus according to (25), wherein
said recording head is moved in the direction orthogonal to a

traveling direction of said plate material.
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(27) The plate making apparatus according to any one of (19)
to (26), whereinsaidinkjet recordingdevice includes ink supplying -
means for supplying the oil-based ink into the recording head.

(28) The plate making apparatus according to (27), further
comprising ink recovering means for recovering the oil-based ink
from the recording head,

where the .ink .circulation is carried out.

(29) The plate making apparatus according to any one of (19)

to (28), wherein the ink jet recording device includes ink stirring..

- means for stirring the oil-based ink in the ink tank housing the

oil-based ink.

(30) The plate making apparatus according to any one of (19)

. to (29), wherein the ink jet recording device 1includes ink-

. temperature controlling means for controlling the temperature of

the oil-based ink in the ink tank housing the oil-based .ink.

(31) The plate making apparatus according to any one of (19)
to (30), wherein the ink jet recording device includes ink
concentration controlling means for controlling the concentration
of the oil-based ink.

{32) The plate making apparatus according to any one of (19)
to (31), furthercomprises cleaningmeans forcleaning the recording
head.

(33) A printing method comprising directly forhing an image
onto a printing medium and producing a print by an ink jet method

which ejects an oil-based ink from a recording head having a
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plurality of ejection channels according to signals of image data
utilizing an electrostatic field, |

wherein the formation of the image onto the printing medium
is carried out by the recording head having the distance the image
forming means includes the recording head having the distance of
the ejection channels being 170 um or more {150 dpi (150 dots per
inch). or less as calculated in terms of resolution of recorded
image} .

(34) The ink jet printing method according to (33)} wherein

. said oil-based ‘ink .is a dispersion comprising colored particles
which are solid and hydrophobic at least at ordinary.temperature . -

‘dispersed in a nomaqueous solvent having-an inherent electrical

resistance of 10° Q-cm or more and a dielectric constant of 3.5
or ‘less.

(35) A printing apparatus comprising image forming means -
for directly forming an image onto a printing material by an ink
jet recording device which ejects anoil-based ink from a recording
head having a plurality of ejection channels according to>signals
of image data utilizing an electrostatic field,

wherein the formation of the image onto the printing medium
is carried out by the recording head having the distance the image
forming means includes the recording head having the distance of
the ejection channels being 170 pm or more {150 dpi (150 dots per
inch) or less as calculated in terms of resolution of recorded

image}.
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(36) The printing apparatus according to (35), wherein said
oil~-based ink is a dispersion comprising colored particles which
are solidandhydrophobicat least at ordinary temperaturedispersed

in a nonaqueous solvent having an inherent electrical resistance

of 10° Q-cm or more .and a dielectric constant of 3.5 or less.

(37) Theprintingapparatus according to (35) or (36), wherein
the image forming means includes a device Tfor fixing :the ink.

(38) The printing apparatus according to any one of (35)

- to (37), further comprising dust—removing:means for removing dust
.~ present on the surface of the printing medium before and/or or

+~during the printing onto the printing.medium. ..

: .(39) The printing apparatus according to -any:one of (35)

- to (38), wherein when recording onto the printing medium, the image-

is recorded via thé printing medium by causing the printing medium-
tomovebyrotatinganopposeddrumfwhichisdisposedattheposition
opposed to the recording head.

‘(40) The printing apparatus according to (39), wherein the
image is recorded by causing said recording head to move in an
axial direction of said opposed drum.

(41) The printing apparatus according to (35) to (38),
wherein when recording onto the printing medium, the image is
recorded by causing said printing medium to move with the same
pinched by at least a pair of capstan rollers.

(42) The printing apparatus according to (41), wherein the

image is recorded by causing said recording head to move in the
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direction orthogonal to a traveling direction of said printing
medium.

(43) Tﬁe printing apparatus according to any one of (35)
to(42),whereintheinkjetrecordingdevicein;ludesinksupplying
means for -supplying the oil-based ink into the recording head.

(44) The printing apparatus according to (43), further
comprising ink recovering means for recoyeringzthe oil-based ink .
from the recording head,

.wherein the ink circulation is carried out.

(45) The printing apparatus according to any one of (35)

- to.(44), wherein the ink jet recording device includes ink stirring- .

means for stirring the oil-based ink in the ink.tank housing the
oil-based .ink.

(46): The printing apparatus according to any one of -(35)
to (45), wherein the ink jet.recording device . includes 1ink
temperature controlling means for controlling the temperature of
the oil-based ink in the ink tank housing the oil-based ink.

(47) The printing apparatus according to any one of (35)
to (46), wherein the ink jet recording device includes 1ink
concentration controlling means for controlling the concentration
of the oil-based ink.

(48) The printing apparatus according to any one of (35)
to (47), further comprising cleaning means for cleaning the

recording head.
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Brief Description of the Drawings

Fig. 1 is a general configurational view typically showing
an example of a on-press recording type lithographic printing
apparatus used in the present invention;

Fig. 2 is aconfigurational viewtypically showing an example
of a recording portion of the on-press recording type lithographic
printing apparatus used: for the invention;”

Fig. 3isanoutlined configurational view showing an example

of a head incorporated in an ink jet recording device used in the

‘present invention;-

Fig: 4 is an outlined sectional view showing the vicinity-.
of the ink. ejector in Fig. 3;

Fig. 5 is an outlined sectional view showing the vicinity

-of the ink ejector in an example of another head incorporated in

" the ink jet recording device used in the present invention;

Fig. 6'is an outlined front side view showing the vicinity

-0of the ink . ejector in Fig. 5;

Fig. 7 is an outlined configurational view showing the major
parts of an example of still another head incorporated in the ink
jet recording device used in the present invention;

Fig. 8 is an outlined configurational view of a head, from
which a separator wall is removed, in Fig. 7;

Fig.9jisanoutlin@dconfigurationalviewshowingthenmjor
parts of an example of still another head incorporated in the ink

jet recording device used in the present invention;
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Fig. 10 is a general configurational view typically showing
an example of an on—préss recording type four-color single-sided
lithographic printing apparatus as a multi-color machine used in
the present invéntion;

5 . Fig. 11A is a general configurational view typically showing
anexampleofaplatemaking apparatus used in the present invention;
. Fig. 11B is a general configurational view typically showing
another example of a plate making apparatus used in the present
—dinvention;

Fig. 11C 'is a view describing an recording method by a

four-channel -head;
== . Fig. 12 is a view describing influences of the ejection.
i electrode in the recording method of a 6-channel head;
- Fig.l3isaviewdescribinginfluencesofaejectionelectrode
.= 15 in a recording method of the four-channel head;
Fig. 14 is a general configurationalﬁview typically showing
a web type apparatus carrying out single-sided monochromatic
printing, which is an example of an ink jet printing apparatus
according to the present invention:
20 Fig. 15 is a general configurational view typically showing
awebtypeapbaratuscarryingoutsingle—sidedfour—colorprinting,
which is another example of the ink jet printing apparatus according
to the present invention; |
Fig. 16 is a general configurational view typically showing

25 a double-sided four-color printing apparatus, which is still
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another example of the ink jet printing apparatus according to
the invention;

Fig. 17 is a general configurational view typically showing
a double-sided four-color printing apparatus, which is still
another example of the ink jet printing apparatus .according to
the invention;- |

Fig. 18 is a general configurational view typically showing

" a single-sided four-color printing apparatus and a double-sided

. four-color printing apparatus for cutting a roll-shaped printing

medium and winding .on the opposed drum to print thereon, -which

ds still another example of the ink jet printing apparatus according -

to the invention;

Fig. 19 is a general configurational view typically showing .

;av:printing apparatus employing sheet-shaped recording medium,

which is still another example of the ink jet printing apparatus
according to the invention;

Fig. 20 i551géneral configurational view typically showing
aprintingapparatus forrecordingthe imagebyrunningaroll-shaped
printing medium with the same pinched by capstan rollers, which
isstill another example of the ink jet printing apparatus according
to the invention; and

Fig. 21 is a general configurational view typically showing
a printing apparatus for recording the image by running a
sheet-shaped printing medium with the same pinched by capstan

rollers, which is still another example of the ink jet printing
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apparatus according to the invention.

Best Mode .for Carrying Out the Invention
The cross talk phenomenon which arises with the conventional
multiple channel head (head having a plurality of ejection
electrodes) will be described in connection with Fig. 12 (example
of 6-channel head) and Fig. 13 (example of 4-channel head) .
As shown in Fig. 12, when ejection electrodes which are ON
fo receive. image signals (electrodes.56-(4). and .56-.(5)) are

juxtaposed, as the image recordingprocessproceeds inthedirection

.of main:scanning (rear end of the image),.the supplied.amount of.

ink decreases due to electrostatic repulsion, preventing the ink
from being supplied into the ejection electrodes. - Thus, it is
thoughtthattheinkparticlesareexhaustedtopmoducedotshaving
a reduced -diameter or disable ejection.

As shown in Fig. i2, once image signals are OFF, and the
ink is sufficiently supplied, image recording is made possible
again. If the both énd electrodes are QFF, this phenomenon can
hardly occur. This is presumably because the effect of electric
field éxtends over a certain range.

Similarly, as shown in Fig. 13, referring to the deflection
of ejection of ink droplet, when ink droplets are ejected at the
same time from juxtaposed electrodes, they repel each other due
to electrostatic charge, deteriorating the precision in hitting

position (electrodes 56- (1) and 56—(2)).‘
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The ejection of the ink droplet from the outermost electfode
at bothends is deflected outwardly whenever the adjacent electrode
is ON (electrode 56-(1)).

The foregoing two phenomenamay occur singlyor incombination,
presumably depending on the structure of the head, the physical
properties of the ink, the structure of the ink passage, the
conditions of voltage pulse applied during ejection, etc.

Then, the distance between the various ejection electrodes
was studied. Thus, it has been found that the foregoing problem

of cross talk can be fairly avoided by predetermining the distance

between the respective ejection electrodes of the .head greater -

. than-at least the distance between the_ horizontally adjacent dots

to be ejected which is determined by the resolution of desired

image to be recorded as described herein.

The embodiment of the present invention will be described
hereinafter. In present invention, the distance between the
ejection channels is preferably 170 um or more (150 dpi or less
as calculated in terms of resolution of récorded image), more
preferably 250 pm or more (100 dpi or less). Where distance of
adjacent dots, which is determined by the resolution of recorded
images is smaller than the distance between ejection channels,
as described above, it is possible to obtain a desired image by

repeatedly performing a step of roughly all channel widths so that
e oY ens mre

no gap is produced after a step of the distance of adjacent dots,

which is determined by the resolution of recorded images being
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repeated a predetermined number of times.

Further, the desired resolution can be obtained by repeating
a cycle comprising the movement of the head through the distance
between the adjacent channels of the multiple channel head during
image recording and the movement of the head through~the"distance
between all the channel electrodes (corresponding to movement B

The number of channels can be properly predetermined. 1In
the case where the distance between the electrodes is large. (in

the case where dpi is small), when the number of channels remains

" the same, the entire width of the head is great, making it easy . -

for the head to be worked.

The ink jet recording method of the invention involves the
use of an ink having a high resistivity having resin particles
which are solid and hydrophobic at least at ordinary temperature
dispersed in an insulating solvent. In operation, the ink is
subject to electrostatic field at the ejection position so that
condensates of the resin particles are formed at the ejection
position. The condensates are then ejected by an electrostatic
means fromtheejectionpositions. Specifically, anelectrostatic
inkjet method described in W093/11866 may be used.

When the foregoing method is applied to plate making, the

resin particles are ejected in the form of highly concentrated

condensates, making it possible toprint dots on the plate material

to a sufficient thickness. In this manner, an image made of
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condensed resin particles having a sufficient press life is formed
on the plate material as a recording medium. Further, since the
resin particles are ejected in the form of highly concentrated
condensates, and the droplet thus ejected has a small content of
solvent, the ink can dry quickly, making it possible to prevent
dots from running and hence form an image to a high precision.
In the ink jet method, the sizé of the"ejected ink droplets ..

is determined by the size of the tip end of ejection electrode,

-and the application condition of the applied electric field. 1In

accordance with the ink jet recording method, minute ink droplets:

can -be- formed:without reducing the ejection: nozzle diameter .or. -~ -

the ejectionslit width. Bycontrolling the application condition

of the applied electric field, the diameter of.dots formed on the

recording medium can be controlled. Accordingly,. minute image - .

formationcanbecontrolledwithout cloggingtheinkheadandprovide
a large number of prints of sharp images.

The ink jet method of the invention is effected utilizing
an electrostatic field. A strong electric field is preferably
applied to the ink so that the ink is ejected. When the electric
field thus applied is not sufficient, it is likely that a good
ejectability cannot be obtained. Thus, the electric field to be
appli.ed is preferably about 1 x 10° V/cm or more. On the contrary,
when the electric field thus applied is too high, dot split takes
place or satellites are produced, showing a tendency toward image

quality drop. Thus, the electric field tobe appliedis preferably
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about 1 x 10% V/cm or less. More preferably, the electric field
to be applied is from 2 x'105 V/cm to 5 x 10 V/cn.
The on-press recording type ink lithographic printing method
using the ink jet recording method will be described hereinafter
‘Examples of the configuration of on-press recording type

lithographic printing apparatus for use in the implication of the

‘on-press recording type. lithographic printing method: according .-

to the invention will be described hereinafter. -

Fig. 1l is a diagram illustrating the entire configuration

of @an on-press -.recording . type monochromatic ..single-sided -

~-~lithographic printing appératus. Fig. 2'.is-a schematic diagram- .

illustrating the configuration of the recording portion including -

a controller, an ink supplier and a mechanism.for moving a head

. toward or away in the on-press recording type lithographicprinting -

apparatus. - Each of Figs. 3 to 9 illustrates an ink jet recording

device installed in the on-press recording type lithographic
printing apparatus shown in Figs. 1 and 10. Fig. 10 is a diagram
illustrating the entire configuration of an on-press recording
type four-color single-sided lithographic printing apparatus
according to the invention.

The printing process according to the invention will be
described hereinafter in connection with the entire configuration
of on—-pressrecording typemonochromatic single-sidedlithographic
printing apparatus shown in Fig. 1. As shown in Fig. 1, an on-press

recording type lithographic printing apparatus 1 (hereinafter
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referred to as "printing apparatus") 1 has a plate cylinder 11,

ablanketcylinder 12 andan impressioncylinder 13providedtherein.

The transferring blanket cylinder 12 is arranged so as to be pressed

against theplatecylinder 11l at leastduringlithographicprinting.

5 The impression cylinder 13 for transferring a printing ink image

which has been-transferred to the blanket cylinder 12 toa printing
paper P is ‘arranged . pressed against the blanket .cylinder 12:u

- The platecylinder 11 isusuallymade of ametal. The surface

of -the plate c¢ylinder 11 is plated with chromium to- enhance ii_:s

abrasion resistance: . . The plate cylinder 11 may have a hedat.

hand, the plate cylinder 11 is preferably grounded because it acts-
as a counterelectrode to-an electrode of the ejection head during
ejection under an electrostatic field. When the substrate of the

plate- material is a good insulator, it is preferable to provide-

a conductive layer on the substréte. In this case, the conductive
layer is preferably grounded to the plate cylinder. 1In a casewhere
a heat insulator is provided on the plate cylinder 11 as described
above, recording ismore easily accomplishedbyproviding the plate
20 material with a ground. Examples of the ground employable herein

include a known conductive brush, plate spring, and roller.

‘b The prfnting apparatus 1 also has an ink jet recording device
6 (ink jet Amage depicting device) 2 which ejects an oil-based ink
onto late material 9 mounted on the plate cylinder 11 in

25 ac Te with image data transmitted from an image date

.insulator'on the surface thereof as described:later. ..On:the‘other. ..
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calc 'gon controlling unit 21, to thereby form an image on the

pl e material.

The printing apparatus 1 further includes a dampening water

- supplier 3 installed therein for supplying dampening water onto

5. the hydrophilic portion (non-image area) on the plate material

9. Fig. 1lillustrates a Morton process water supplier-as a typical

- -example .of the dampening water supplier 3. Other examples .of the

dampening water supplier 3 employable herein include known

.apparatus such as synchronous process water supplier and continuous
process water supplier.

. .The -printing: apparatus 1 further.iﬁcludesna printing .ink
supplier-4 and a fixing device 5 for fixing the oil-based ink image
formed on the plate material 9. Additionally, a plate surface
oil-desensitizing device 6 may be installed for increasing the

hydrophilic properties of the surface of the plate material 9 as

necessary.

The printing apparatus 1 also has means 10 for removing dust
present on the surface Qf the plate material before and/or during
theprocessof recording the imageontheplatematerial. Therefore,
20 ink can be effectively prevented form being adhered onto the plate
material by or along dust placed between the head and the plate
material during the plate making, and satisfactory plate making
can be carried out. Examples of the dust removing means include
a contact method using a brush or a roller, in addition to a

25 conventional non-contact method involving suction, blowing or
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electrostaticity. In the present invention, the removal method
ispreferablyonethatuses suction, blowingoracombination thereof.
In this case, an air pump commonly used for paper supplier may
be used for this purpose.

| An-automatic plate material supplying device 7 by which the

plate material- -9 for printing is fed automatically to the plate

- cylinder 11, and an:automatic plate material discharging device

8 by which the plate material 9 is removed from the plate cylinder

.11 after the printing process may be installed. Examples of the

press machine having these devices,.which are known as auxiliary

.devices for press, :include HAMADA VS34A, B452A - (produced by HAMADA ‘

PRINTING PRESS CO., LTD:), TOKO 8000PFA (produced by Tokyo:-Koku.

Keiki K.K.), RYOBI 3200ACD, 3200PFA (produced by Ryobi Imagics
"Co.,. Ltd.); AMSIS Multi5150FA (produced:by Nihon AM Co.,: Ltd.),

" QOliber 266EPZ (produced by Sakurai Graphics Systems Co., Ltd.),

and Sinohara 66IV/IVP (producedbyShinohara ShojiK.K.). Further,
a blanket cleaner 14 and an impression cylinder cleaner 14’ may
be installed. The use of these devices 7, 8, 14 and 14’ can make
the printing operation simpler and shorter and the printing time
shorter so that theeffectsof the invention canbe further enhanced.
Further, a paper dust generation inhibiting device (paper dust
removing means) 15 may be installed in the vicinity of the plate
cylinder 13, making it possible to prevent paper dust from adhering

totheplatematerial. The paperdust generation inhibitingdevice
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15 can operate by humidity control, suction by air or.
electrostaticity, or the like.

imagedate calculationcontrollingunit 21 receives image

.g., an image scanner, a magnetic disk device or an
unication device, and not only carries out color

separaffion - but also processing of the .separated data into

- approgriate numbers of pixels and gradations.” In addition:tothese .

operafions, the controlling unit 21 calculates dot position and
dot ea percentage in order to enable the recording.of oil-based

ink fimages in.halftone dots by means of an ejection head 22 as

.. -recprding head .(see.Fig. 2 explained in-detail-hereinafter): with-

20

which:the ink jet 'recording device -2 is equipped.
Fugfhermore,. as described below, the image date calculation
ing unit 21 controls the movement of ink jet ejection head
the timeat whichtheoil-basedink isejectedand,; if desired,

ing of the rotation of the plate cylinder 11, the blanket
ylinder 12, the impression cylinder 13, etc.

A method of preparing a printing plate using the printing

apparatus 1 is described in detail below with reference to Fig.
1 and a part of Fig. 2.

The pla material 9 is first mounted on the plate cylinder

automaticplatematerial supplyingdevice7. Theplate

—

is brought into close contact with and fixed firmly to

ylinder by means of a well-known mechanical device such
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by a well-known elegtrostatic device. Due to this firm fixation,.
the tail end of thfe plate material 9 is prevented from flapping
against, and brigging into contact with and thus damaging the ink
jet recording device 2 during the recording process. Also, it is
event the plate material 9 froﬁ:bring into contact

poésible.to P

with the inkfjet recording device by using an arrange - which brings

.. the plate mgterial into close contact with-the plateicylinder only

for. example, hold-down -rollers disposed on

the pljate cylinder. Further, an arrangement'may be provided such

.that fheendof theplatematerial is kept away from the ink supplying

rollier at fixing the plate material, making it possible to inhibit .
staln on the surface of the printing plate and hence reduce the

er of sheets of waste paper. Specifically, hold-downrollers,

-glfides, electrostatic attraction, etc. are effective.

Image data from a magnetic disc device or the like is given
to the image date calculation controlling unit 21. The image date
calculation controlling unit 21 then calculates the ejection
position of oil-based ink and dot area percentage at the ejection
positionaccordingtotheimagedatathusinputted. Thecalculation
data input to the image date calculation controlling unit 21 is
temporarily stored in a buffer. The image date calculation

controlling unit 21 instructs the rotation of the plate cylinder
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11 and, at the same time, moves the ejection head 22 towards the
plate cylinder 11 by an ejection head aéproaching and separating
deviée (recording head approaching and separating means) 31. The
distance between the ejection head 22 and the surface of the plate
material 9 mounted on the plate cylinder 11 is maintained at a
predetermined distance during recording. by mechanical distance
control, e.g., usinga contactroller orby coﬁ'trolling the ejection g

head approaching and separating device in accordance with signals

-from an optical distance detector. Suchdistance control prevents

the dot.diameters-from being made uneven due to floating of a plate

" :.material and also.ensures no change in dot diameter even when the

--press is subjected to vibration. Thus, satisfactory plate making

can be accomplished.

When recording an image, main scanning is carried out. by

. rotations of- the plate .cylinder 11. The ejector is arrayed and

installed in the axia‘l direction. The head 22 is moved by the image
data calculation controlling unit 21 in the axial direction of
the plate cylinder per rotation of the plate cylinder 11, -and
oilil-based ink is ejected onto the plate material 9 ﬁlounted on the
plate cylinder 11 at the ejection position and dot area percentage
whichareobtainedby the above-describedcalculation. Asaresult,
a dot image with gradations corresponding to the original print
is recorded with the oil-based ink on the plate material 9. These

operations are continued until the oil-based ink 1image
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corresponding to one-color information of the original print is
formed on the plate material to prepare a printing plate.
Subsequently, the ejection head 22 is moved away from the

position close to the plate cylinder 11 in order to protect the

- ejection head 22. During this operation, only the ejection head

may be moved away from the plate cylinder 11. However, the ejection

_"head 22 may be moved away from the plate.cylihder 11 together with

a head subsidiary scanner 32 or together with the ink supplier
24 and -the head subsidiary scanner 32. . Alternatively, an

arrangement may be made such that the fixing device 5 and the dust

- .remover.:10 can.be provided with head. approaching and:.separating: - .

- means and they are moved.away from the.plate cylinder 11 in the . -

same manner as the ejection head 22, the ink supplier 24 and the

head subsidiary scanner 32, whereby the printing apparatus can

.be used also in ordinary printing.

The head approaching and separating means operates so as

to keep the recording head at least 500 pum away from the plate

cylinder except during image recording. This movement may be»
effected using a sliding system or a mechanism by which the head
is gripped with an arm fixed on a shaft and moved in a pendulum—li.ke'
motion by operating the arm around the shaft. By keeping the head
away from the plate cylinder when image formation is not being
carried out, the head is protected from physical damage and
contamination. As a result, the life of the head can be extended.

The oil-based ink image formed by the head is hardened by
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heating or like device using a fixing device 5. Well-known fixing

techniques, such as heat fixing, solvent fixing and the like, can

be employed for fixing the ink image. 1In the case of heat fixing,
irradiation with an infrared lamp, a halogen lamp, or xenon flash
lamp, hot air fixing using a heater or fixing using a heated roller

can be usually used. In such a case, for increasing the fixXing

- efficiency measured made be adopted such aspreheating the plate-

cylinder, preheating the plate material, performing the recording

under exposure to hot air, using a plate.cylinder coated with a

heat insulator, or heating the plate material alone by separating
. the plate material from the plate cylinder only.-at the time of ..
fixing. :Flash fixing using, e.g., a xenon lamp, is well-known as

-afixingmethod forelectrophotographic toner, andhas the advantage

of performing the fixing in a short time:.-

In the case of solvent fixing, a solvent capableof dissolving
the resin component of the ink, such as methanol and ethyl acetate,
is sprayed onto the plate material, and the excess solvent vapor
is recovered. Also, at least in the process from formation of an
oil-based ink image by the ejection head 22 to fixation by tﬁe
fixing unit 5, it is preferable that the dampening water supplier
3, printing ink supplier 4, and blanket cylinder 12 are held so
that these are not brought into contact with the plate material
9 on the plate cylinder.

Theprintingplate thuspreparedis then subjectedtoprinting

process in the same manner as known lithographic printing method.
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More specifically, the printing plate 9 having the oil-based ink
image formed thereon is given a printing ink and a dampening water

to form a printing ink image thereon. The printing ink image thus

formed is transferred onto the blanket cylinder 12 rotating in

.concert with the plate cylinder 11, and then the printing ink image

on the blanket cylinder 12 is transferred to printing paper passing

between. the blanket cylinder 12 and the impression cylinder .13
to conduct printing corresponding to one-color information of the

original. After the printing operation, .the plate material 9 is.

removed ‘from.the plate cylinder 11 by an automatic plate remover =

. 8, andablanket on the blanket cylinder 12 is cleaned withablanket : ..

cleaning device 14 so that it is. restored to .a printable state.

.The ink jet recording device 2 will be described in more -

detail below.

- Theimage recordingportionused in the lithographicprinting
apparatus of the invention comprises an ink jet recording device
2, and an ink supplier 24, as showﬁ in Fig. 2. The ink supplier
24 has an ink tank 25, an ink supplying device 26 and an ink
concentration con-trolling device 29. The ink tank 25 is furnished
with a ink stirrer 27 and an ink temperature controlling device
(ink temperature controlling means) 28. The inkmay be circulated
through the ejection head. 1In this case, the ink supplier also
has a recovering function. The ink stirrer 27 inhibits the solid
component of the ink from precipitating and aggregating so that

the necessity of the cleaning of ink tank is reduced. Examples
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of the ink stirrer include a rotating blade, anultrasonic vibrator
and a circulatory pump. These tools can be used singly or in
combination. Theinktemperaturecontrollingdevice28 isarranged -
so as to prevent the physical properties of the ink from changing
5. ‘due to change in ambient temperature, thereby ensuring no.change .
in dot-diameter_so as to form a consistently high-quality image.
To control the ink temperature, a well-known niethod can be adopted.
More specifically, the ink tank can be provided with a heating -
element such as a heater or a Peltie element or-a cooling element.
togetherwith the stirrer so as tomake the temperature distribution
inside:the ink ‘tank uniform, and the temperéture is controlled ..
with a temperature sensor such as thermostat. It is desirable that
the ink temperature inside the ink tank be from 15°C to 60°C, and

preferably from 20°C to 50°C. The ink stirrer may be used for both

purposes of keeping the temperature distribution uniform and for

preventing precipitation and aggregation of the solid componént

of the ink.
For achieving high-quality image formation, it is preferred
that the printing apparatus of the present invention further be
20 provided with an ink concentration controlling device 29. This
device makes it possible to effectively prevent blurring on the
prlate and missing or blank portions in the printed image due to
a decrease of solid concentration in the ink or changes of dot
diameter due to increase of the solid concentration in the ink.

25 Ink concentration control is carried out by optical detection,
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measurement of physical properties such as electric conductivity
or viscosity, or monitoring a number of plate materials subjected
to image formation. More specifically, the ink concentration is
controlled by feeding concentrated ink from an ink tank. for

replenishment or ink carrier tank for dilution (not shown) - in

--accordance with output signals from an optical detector, a

conductivity measuring .instrument and a Vviscosity: measuring-

instrument provided individually or in combination inside the ink

- tank, or ink flow course in the case of control in accordance with
- measurement of'.physical properties, or based.on a number of plate

- making or-a.frequency.of: plate-making operations in: the-case:of -

monitoring the number of plate materials -subjected to . image’

formation.

B

data and cont

ge date calculation controllingunit 21, as described

‘performs calculation operations on.input image-

ovement of the ejection head with the ejection
head approdc and separating device 31 or the head subsidiary
scanner 32fand rotation of the plate cylinder, but also receives
a timinq ulse from an encoder 30 attached to the plate cylinder
and carrjles out operation of the ejection head in accordance with
the timing pulse. As a result, positional precision in ’r_:he
direct#on of subsidiary scanning is improved. During the image
recording by the ink jet recording device, the use of a driving
unit /having a high precision different from the driving unit fof

prigting allows the plate cylinder to be driven in an enhanced
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positional pregiasion in the direction of subsidiary scanning.

During thi ure, the plate cylinder is preferably released
mechanicglly from the blanket cylinder, the impression cylinder
and others so that only the plate cylinder can be driven. More

5 - specifically, theoutput fromahighprecisionmotor canbe subjected
‘to rgduction through.a high precision gear, ‘steel band or the like
‘to gfilrive only the plate cylinder. During the.recording of a‘high-

lity image, these devices may be used singly or in combination.
The ejection head will now be described in more detail-with

. reference to Figs. 3 to 9. However, the present invention should

- not ‘be .construed as being limited thereto.::

- Figs.-3 and 4:show an example of an ejection head which is:

installed in the ink jet recording device. - The head 22 has . a.slit

.int‘erposed between an upper unit 221 and a lower unit 222, teach

formed by an insulating substrate, while the tip thereof forms
an ejection slit 22a. "An ejection electrode 22b is arranged in
the slit, and the slit is filled with an ink 23 supplied from an
ink supplying device. Examplesof the insulating substrate usable
for the head include plastics, glass and ceramics. The ejection
20 electrode 22b is formed on the lower unit 222 made of an insulating
substrate according to a known method. For instance, the top
surface of the lower unit 222 may be provided with a conductive
material such as aluminum, nickel, chromium, gold or platinumusing
a technique such as vacuum deposition, sputtering or electroless

25 plating, and then the conductive material coating is covered with
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a thtqresist. The photoresist is exposed to light via a desired
electrode pattern and developed to form a photoresist pattern in
the form of the ejection electrode 22b. Then, the conductive
material coating undergoes etching, mechanical reonval or a
combination.thereof to form the ejection electrode 22b. .

During operation of the head 22, a voltage is applied to

"the ejection electrode 22b in accordance with digital signals

corresponding to image pattern information. As shown in Fig. 3,

the-ejection electrode 22b is arranged facing the plate.cylinder

- 11 soas to constitute a counterelectrode, and the plate material

. 9.4is mounted on the plate cylinder. 1l :as the counterelectrode.

Uponapplicationofvoltage, acircuitis formedbetweentheejection

. electrode 22b and . the plate cylinder 11 acting .as the

- counterelectrode, and the oil-based ink 23 .is ejected from the

ejection slit 22a of the ejection head 22 to form an image on the
plate material ¢ mounted on the plate cylinder 11 as the
counterelectrode.

In order to form a high-quality image, it is preferred that
the tip of the ejection electrode 22b is made as small as possible.
Thé tip of the electrode is ordinarily shaped so as to have a width
of from 5 to 100 um, although the tip width may be varied depending
on conditions, such as applied voltage, ink material and the like.

For instance, a dot having a diameter of 40 um can be formed
on the plate material 9 when the ejection electrode 22b having

atipwidthof 20 um is used, the spacebetween the ejectionelectrode
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22b and the plate cylinder 11 as a counterelectrode is adjusted
to 1.0 mm, and a voltage of 3 kV is applied for 0.1 millisecond

between these electrodes.

Figs. 5 and 6 respectively show a schematic cross—-sectional

view and a schematic front view of the.vicinity of an ink ejector

of another example of the ejection head.  Reference numeral 22 in
these figures indicates the ejection head. "The head has a first
insulating substrate 33 of a tapered shape. A second insulating

substrate 34 is set facing to and apart from the first insulating

"~ substrate 33. An end portion of the second insulating substrate -

.34 has a-slope 35. . The first and second ihsulating substrates are .- .- .

each made of, e.g., plastics, glass or ceramics. On a top surface

. 36 of the second insulating substrate 34, which makes a sharp angle

.with the slope 35, a plurality of ejection electrodes 22b are

provided for forming an electrostatic field in -the ejector. . The
tips of the ejection electrodes 22b extend to the vicinity of the
tip of the top surface 36, and protrude beyond the tip of the first
insulating substrate 33, thereby forming the ejectors. An ink flow
course 37, defining a pathway for supplying ink 23 to the ejector,
is formed between the first and second insulating substrates 33
and 34, and the ink recovery course 38 is formed on the underside
of the second insulating substrate 34. The ejection electrodes
22b are formed using a conductive material such as aluminum, nickel,
chromium, gold or platinum on the top surface of the second

insulatingsubstrate 34 inaconventional manner as described above.
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The respective ejection electrodes 22b are constructed so as to
be in an electrically insulated state.
A suitable length for the tip of the ejection electrode 22b

that protrude beyond the tip of the first insulating .substrate

33 is 2 mm or less. A reason why such a range of protrusion is .-
preferred is that, if the protrusion is too long, it is difficult. -
for the ink meniscus to reach the tip. of ejector, resulting in. -

. difficultyinejectionof the inkandadecrease inmaximumrecording

frequency. In addition, it is preferred that the space between

uthe_first‘ahd second insulating substrates 33 and 34 be: from 0.1

+t0. '3 mm.- A reason why this range is preferred for the space is..

that too narrow a space makes supply of the inkdifficult,:resulting
in-difficulty in ejection of the ink and a decrease in maximum
recording frequency. On the other hand, too wide. a space makes
the meniscus unstable, resulting ih-inconsistent ejection of the
ink.

The ejection electrode 22b is connected to the image date
calculation controlling unit 21. 1In carrying out recording, a
voltage is applied to the ejection electrode in accordance with
image information signals from the 1image date calculation
controlling unit 21, and thereby the ink on the ejection electrode
is ejected to perform image formation on a plate material (not
shown) arranged to be facing to the ejector. The ink inflow course
37 is connected to a device for sending ink from an ink supplying

device (not shown) onthe side opposite totheinkejector. Further,
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a backing 39 is arranged apart from and facing toward the underside,
which is the reverse of the ejection electrode side, of the second
insulating substrate 34 to form an ink recovery course 38 be.tween
them. It ispreferredthatthewidthof tﬁe space of the ink recovery
course 38 be.at least 0.1 mm. This is because too small a sSpace -

makes the recovery of ink difficult, resulting in ink leakage.

- .The ink recovery course 38 is connected to an"ink recoverer, which -

is attached to the ink supplying device (not shown) .-

If a uniform ink flow over the ejector is required,.grooves -

.40 may be provided between the ejector and the ink recoverer. "Fig.
~»6.1s a front view showing the vicinity of‘the ejector of an.ejection . -

~head. As shown in Fig. 6, a plurality of grooves 40 are provided

in the slope of the second insulating substrate 34 from the vicinity

of the borders with.the respective ejection electrodes 22. to the"

~inkrecoverycourse 38.  Thegroovesi40arealignedinthe lengthwise

direction of the ink jet electrode 22b, and have a function for
conducting by capillary action a predetermined amount of ink,
depending on the opening diameter, present in the vicinity of the
tip of each ejection electrode from the respective openings on
the side of ejection electrodes 22b into the ink recovery course
38. The grooves 40 function to form an ink flow having a certain
thickness in the vicinity of the tip of each ink jet electrode.
The groove 40 may have any shape as far as the grooves can provide
the desired capillaryaction. However, it is especiallydesirable

that the width of the grooves is from 10 to 200 pum and the depth
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thereof is from 10 to 300 um. The grooves 40 are provided in a

number sufficient for forming a uniform ink flow over the entire
ejection head.

Inorder toeffect formation, e.g., printingofahigh-quality
image, it is preferred that the tip of the ejection electrode 22b

bemade as small as possible. The tipof theelectrode isordinarily

.shaped so as to-have a width of from 5 to 100 pum, although the

tip width may be varied depending on conditions, such as applied
voltage, ink.material and the 1like.

Still another example of the ejection head.for use in the

‘present-invention is shown in Figs. 7 and.8. "Fig. 7.is a schematic
- diagram illustrating only a portion of the head. The recording

.head 22, as shown in Fig. 7, has a main body 41 made of. an insulator

material such as plastics, ceramics or glass,. and meniscus
regulating panels 42 and 42’ . Reference numeral 22b. in 'Fig. .7 .
indicates an ejection electrode to which a voltage is applied to
form an electrostatic field in the ejector. The main body of the
head is further illustrated in detail with reference to Fig. 8
wherein the regulating panels 42 and 42’ are removed from the

ejection head.

tion. The grooves 43 each may have any shape so far as the
an provide a suitable capillary action sufficient to form

ink flow. However, it is especially desirable that the
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width of the groove is from fl0 to 200 um and the depth thereof
is from 10 to 300 um. Ejedtion electrodes 22b are provided in
respective ones of the groges 43. The ejection electrode 22b may
be arranged so as to covdr the entire surface of the ink groove
43 or it may be formed pn only a portion of the groove using a
conductive material sufh aEfaluminum, nickel, chromium, -gold or
Fknown meth'od’»as-des_cribed in the
above-describedexample@f Chedevice. Additionally, theejection
igally isolated from one another. Two ink
grooves adjacent tg.-each other form one cell, :and a separator wall

in the tip.. The fseparator wall 44 is made thinner in the ejector

450r 45’ thaninptherportions thereof, and the ejector is sharpened.

The main .body pf the head is formed by the configuration method
such as mechapical processing or etching of a block of insulator
material, orfmolding of an insulator inaterial. It is desirable
that ‘the separator wall in the ejector has a thickness of from

5 to 100 umjand the sharpened tip thereof have a radius of curvature

" of from 5 fo 50 uym. Further, the tip of the ejector may be slightly

cut off shown in the ejector 45’ . In the figure, only two cells
are recprded for ease of iliustration. A separator wall 46 is
disposgd between cells. The tip 47 of the wall 46 is cut off so
as tofoe set back compared with the ejectors 45 and 45’. The ink
is fllowed into the ejection head via ink grooves from the direction

indicated by an arrow I with from an ink supplying device (not

he center of the cell has an.ejector 45-o0x: 45’
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shown), and thergby sipplied to the ejectors. Further, the excess
ink is recove he direction indicated by an arrow O with

an ink recoyerer (not shown). As a result, fresh ink is always

supplied eachejector. Aplatecylinderholdingaplatematerial
rface thereof (not shown) is arranged so as to face the
ejectgr. While maintaining such a condition, a voltage
sponding to the image information is applied to the ejection

eldctrode, and ink is ejected from the ejector to form an image

the plate material.

Sti1ll another example of the ejection head is described with . -

~reference to Figp-9.'<As-shbwn_in Fig. 9, theejection head.22 has:

a palr of nearly rectangular plate-shaped support members. 50 and :
50’ . Eachof thesesupportmembers 50and 50’ ismadeofaninsulating

plastic, glass or ceramic plate having a thickness of from 1 to

-10 mm, and in one surface thereof there are formed a plurality

of rectangular grooves 51 or 51’ (not shown) extending parallel
to one another depending on the recording resolution. " Each of the.
grooves 51 and 51’ desirably has a width of from 10 to 200 pm and
a depth of from 10 to 300 um. In each of the grooves, an ejection
electrode 22b is formed so as to cover the whole or only a portion
of the groove surface. The formation of a plurality of grooves
51 or 51’ in one surface of each support member 50 or 50’ results
in the formation of rectangular separator walls 52 between
respective pairs of grooves 51. The support members 50 and 50

are placed together so that the surfaces thereof in which no grooves
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51 are formed are brought into contact with each other.
Specifically, the ejection head 22 has a plurality of grooves for
distribution of ink over the periphery thereof. The grooves 51
formed in the support member 50 are coupled to corresponding ones
of the grooves 51’ formed in the support member 50!/ by way of the

rectangular portion 54 of the ejection head 22. Each rectangular.

. portion 54 that couples together two correspdbnding grooves is set

back a predetermined distance (e.g., 50 to 500 um) from the top

end portion 53 of the ejection head 22. .In other words, each of

the separator walls 52 adjoining each rectangular portion 54 on

- both sides:is disposed so that the top.end 55 .of each separator

wall 52 of each support member 50, 50’ protrudes beyond the adjacent
rectangular portions 54. In addition, a guide protrusion 56 made
of :an insulator material as described above is attached so as to
protrude beyond each rectangular portion 54, thereby forming .the
ejector.

When ink is circulated through the ejection head 22 having

the structure as described above, the ink is supplied to each

- rectangular portion 54 via a respective groove 51 formed at the

periphery of the support member 50, and the ink is discharged via
the grooves 51’ formed in the support member 50’ opposite the support
member 50. In this case, the ejection head 22 is inclined at a
predeterminedangle toobtainthe smoothinkdistribution, Inother
words, the ejection head 22 is included so that the ink supply

side (the supportmember 50) is situatedupward and the ink discharge
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side (the support member 50’) is situateddownward. Bycirculating
‘the ink through the ejection head 22 in such a manner, the ink
passing across each rectangular portion 54 flows forward along
the guide protrusions 56 to form an ink meniscus in the vicinity
5 of the rectangular portion 54 and the protrusion. 56. A plate
cylinder holdingaplatematerial onthe surface thereof (not shown)
is arranged so. as to face the ejector. With.independéntAink

meniscuses formed on the respective rectangular portions 54, a

il
§l

voltage corresponding to the image information is applied to the

10 . ejection electrode 22, :and the ink is ejected from the ejector-

o e 1 1

.'to form:an:'image on:the-plate material. . A cover may be.attached

along the periphery of each of the support members 50 and 50’ to_
.cover the grooves, .thereby forming pipe-shaped ink flow courses

:along the periphery of each of the support members 50 and 507.

In such a case, since the ink can be made to circulate by way of

these ink flow courses, it is not necessary to incline the ejection
head 22.
The heads 22 as shown in Figs. 3 to 9 can also be provided

withamaintenance device suchas arecordingheadcleaner if desired.
e T T T

20 For instance, in a case where recording has been suspended for
a certain period or problems in image quality occur, a device for
wiping the tip of the ejection head with a flexible brush or cloth,
adevice forcirculatingthe ink solvent alone, adevice for exerting
suctionontheejectorwhilesupplyingorcirculatingtheinksolvent

25 alone and the like can be adopted singly or in combination, whereby
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satisfactory recording conditions can be maintained. 1In order to
prevent the ink from solidifying inside the ejection head, it is
also effective. to cool the ejection head, thereby reducing
evaporation of the ink solvent. Further, if the contamination of

the head is severe, a method of suctioning ink from the ejector,

.a method of blowing air in the ink flow course, and a method of

applying ultrasonic waves to the head while:immersing .the head

in an ink solvent are also effective. These methods can be used

. alone or in combination.

A specific ‘example will be . described hereinafter with

.reference . to an on-press recording type:multi-color single—-sided .

. lithographic printing apparatus.

Fig.. 10 is.a .schematic diagram illustrating the entire

-configuration ~of- an on-press recording : type four-color -

lithographic printing apparatus. As shown in Fig. 10, the -
four-color single-sided printing apparatus essentially comprises
four plate cylinders 11, four blanket cylinders 12 and four
impressioncylinders 13 of themonochromatic single-sidedprinting
apparatus shown in Fig. 1 arranged for each of four colors such
that printing is effected on the same surface of printing paper
P. - Though not shown, the delivéry of printing paper from an
impression cylinder to another as shown by K is carried out by
a known delivery cylinder or the 1like. Although detailed
description is omitted, as can be easily seen in the example of

Fig. 10, other multi-color single-sided printing apparatus each
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essentially comprise a plurality of plate cylinders 11, blanket
cylinders 12 and impression cylinders 13 arranged for each color
such that printing is effected on the same surface of printing

paper P. . In the case where only one printing plate is prepared

. for each plate cylinder, there are provided plate cylinders and

blanketcylindersj11anamountcorrespondingtxnthenumberwjfcélors
to be printed. (Such a printing apparatus is referred to-as Munit -
type printing apparatus”) On the other hand, in the case where
the present invention is implied in the form of a common impression

cylinder type printing apparatus which shares one impression

= cylinder having a. diameter which is an. integral multiple of the

diameter of the plate cylinder among plate cylinders and blanket

.cylinders in an amount corresponding to the number of a plurality
- of colors, the arrangement may be such that one impression cylinder.

-is shared by plate cylinders and blanket cylinders in an' amount -

corresponding to thenumberofcolorstobeprinted. Alternatively,
the arrangement may be such that one impression cylinder is shared
by plate cylinders andblanket cylinders in an amount cprresponding
the number of the plurality of colors, or the total number of plate
cylinders andblanket cylinders corresponds to the number of colors
tobeprinted. 1In thisarrangement, the deliveryof printing paper
between adjoining common impression cylinders may be carried out
by the foregoing known delivery cylinder or the like.

On the other hand, in the case where a plurality of color

printing plates are prepared for each plate cylinder, plate
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cylinders and blanket cylinders are necessary in an amount
corresponding to the value obtainedbydividing the number of colors
to be printed by the number of printing plates per plate cylinder.
For example, when two color printing plates are prepared per plate
cylinder, a press comprising two plate cylinders and two blanket
cylinders can be used to effect four-color printing on one side
of printing paper. In.this case, the diameter of the impression

cylinder is the same as that of the plate cylinder for one color.

. If necessary, the impression cylinder is provided with a means
- for holding printing paper until printing of the required number
of colors -is completed.. The delivery of printing paper -between - -
"+ lmpression cylinders can be accomplished by.a known delivery

.cylinder method or the like. In the case of a .press having two

platecylindershaving the foregoingtwocolormachineplates formed
thereon and two blanket cylinders, when one of the two impression
cylinders rotates twice holding printing paper, two-color printing
is effected. Subsequently, printing paper is delivered between
the impression cylinders. When the other impression cylinder
rotates twice holding printing paper, another two-color printing
is effected, thereby completing four-color printing. The number
of impression cylinders to be installed may be the same as that
of plate cylinders. Several platecylinders andblanket cylinders
may have one impression cylinder in common.

On the other hand, in the case where the present invention

is implicated in the form of on-press recording type multi-color
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double-sided lithographic printing apparatus, a known printing
paper inverting device is provided in at least one gap between
adjacent impression cylinders in the foregoing unit type printing
apparatus or in at least one gap between adjacent impression
cylinders in an arrangement having a plurality of the foregoing
common impression cylinder type - printing - apparatus.
Alternatively, a plurality of the plate cylinders 11 and blanket
cylinders 12 in the monochromatic single-sided printing apparatus
shown in Fig. 1 are provided to effect printing on both surfaces .
of the printing paper. In the latter structure as.-shown in Fig.

1, .in the case.where only one color printing plate is prepared
for each plate cylinder, there are provided plate cylinders and
blanket cylinders in an amount corresponding to the number of colors
to be printed on both surfaces of printing paper.. On the other
hand, in the case where a plurality of color printing plates are
prepared for each plate cylinder as mentioned above, the required
number of plate cylinders, blanket cylinders and impression
cvlinders can be reduced. Further, in the case where several plate

cylinders and blanket cylinders have one impression cylinder in
common, the required number of impressioncylinders may be reduced,

too. If desired, the plate cylinder is provided with a means for

holdingprintingpaperuntil thedesirednumberofcolorsareprinted.
The detail of theconfigurationof this systemcanbeeasilyinferred

from the foregoing example of on-press recording type multi-color
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single-sided lithographic printing apparatus and thus will not
be described hereinafter.

&” E) q The embodiment of implication of the on-press recording type
ulti-coflor lithographic printing apparatus according to the

5 present fnvention has been described with reference-to an example

of sheetyfeegypress. In the case where the present invention is
- implicaf§ed .,! an on-press recording type multi-color WEB -(paper
roll) lhthic printing machine, on the other hand, the
foregoinmg unit type or common impression cylinder type printing

10 machine]can be used to advantage. 1In the case where the present

c.inventiegn is implicated as an on-press recording type multi-color
.WEB double-sided printing machine, both the unit type and common .-

impressgion cylinder type printing machine can be realized by

£
£
]
&=
e
;==x‘=

arrangilngapluralityof structureseachhavingaknownWEBinverting

15 device jprovided in-at -least one gap between adjacent impression

T

cylindgrs suchthatprintingiseffectedonbothsurfacesofprinting

paper P Most preferred among on-press recording typemulti-color

WEB dowble-sided printing apparatus is BB (blanket-to-blanket)
type pginting machine. This type of printing machine comprises
20 one plate cylinder and blanket cylinder (no impression cylinder)
for o color to be printed on one surface of WEB and one plate
cylinder and blanket cylinder (no impression cylinder) for the
same golor to be printed on the other surface of WEB, said blanket
cylingers being pressed against each other during printing. This

25 strugture is provided in an amount corresponding to the number
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-aéy‘be printed. WEB passes through the gap between the
-

)

inders which are pressed against each other during

. prifiting to perform multi-color double-sided printing.
Another example of the on-press recording type lithographic
5. printing apparatus has two plate cylinders per blanket cylinder,
- whereby printing is effected on one of the two plate cylinders
whileimagerecordingj:sbeingeffectedcnithéother;rfhlthiscase,
itisdesirable thattheplatecylinderonthepartof image recording

be driven.while being mechanically separated off from the blanket

43 10~ .cylinder: Inthismanner, image recording ismade possible without .

- .suspending theé operation of the press.. As can be easily inferred,

bk

i

v sy
i

A

-.this on-press recording.type lithographic printing.apparatus can -

l

"be applied to on-press recording type multi-color single-sided

I

- lithographic printing apparatus and on-press: recording type

15 multi-color double-~sided lithographic . printing - apparatus.

A description is given of a plate making method employing
an ink jet recording method according to the invention.

Hereinafter, a configurational example is shown of the plate
making apparétus that is used to embody the plate making method

20 according to the invention.

Fig. 11A and Fig. 11B are general configurational views of
the plate making apparatus. Fig. 2 is an outlined configuration
example of a recording portion including a controller, an ink
supplier, and a mechanism for moving a head toward or away in the

25 plate making apparatus. Each of Figs. 3 to Fig. 9 illustrates an
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ink jet recording device with which the plate making apparatus
in Fig. 11A and Fig. 11B are provided.
In addition, as shown in Fig. 11A, a description is given

of aplatemakingprocess according to the invention, using ageneral

.configurational viewof aplatemaking apparatus having a structure

inwhichaplatematerial ismountedonarecordingdrumll. However,

" the present invention is not limited to the ' following example of .. .

construction.

Thedrumll isusuallymadeofmetal suchasaluminum, stainless

. steel, iron, etc., plastic or glass: In particular, in the case
.-where the drum 11 -is a metallic cylinder, there -are many . cases

- where the surface thereof is subjected to, for example, alumite

treatment and chrome plating to enhance its abrasion resistance

and rust-proof property. The drum 11 may have-a heat insulator.

.material on the surface thereof as described later. In-addition, -

it is favorable that the drum 11 is grounded because it acts as
the counterelectrode to an electrode of the ejection head during
ejection under an electrostatic field. On the other hand, where
the substrateofaplatematerial isgoodinsulator, it ispreferable
that a conductive layer is provided on the substrate. Inthiscase,
it is preferable that the conductive layer is provided with a
grounding means. Further, even where a heat insulator material
is provided on the drum 11 as described above, the recording is
easilyaccomplishedbyprovidingtheplatematerial withagrounding

means. In this case, means having a conductive property such as
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a known brush, a plate spring, and a roller.
The plate making aﬁparatus 1 also has an ink jet recording
device 2 which ejects an oil-based ink onto the plate material
9 mounted on the drum 11 in accordance with image data transmitged
5 from the image data calculation controlling unit 21 to thereby
form an image on the plate material.
The plate making apparatus 1 further " has a fixing device
5 for fixing the oil-based ink image formed on the plate material

9. As necessary, a plate surface oil-desensitizing device 6 may .

10 -beinstalled for increasing the hydrophilic propertyof the surface
of the plate:material 9. The plate making apparatus 1l:also has

means 10 .for removing dust present -on the surface of the plate

bE 3
%d, 3
=
2 H
.
‘g“.:‘:

.material 9 before and/or during the process of recording the image.

- onto the plate material 9. Therefore, ink can be effectively .

&
[
E:f

15 prevented from being adhered onto the plate material 9 by or along

dust placed between the head and the plate material during the
making of a plate, and satisfactory plate making can be carried
6ut. As the dust removing means 10, a contact method using such
as a brush, a roller, etc., may be employed in addition to a
20 conventional non-contactmethod suchas aremovingmethodbysuction,
blowing, and/or an electrostaticity. In the present invention,
either an air suction method or air blowing method or a combination
thereof may be preferably employed.
Further, an automatic plate material supplying device 7 that

25 automatically supplies plate materials 9 onto the drum 11, and
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anautomaticplatematerial dischargingdevice 8 that automatically
removes plate materials 9 from the drum 11 after image recording
is completed may be installed. Where the automatic p'late material
supplying device 7 and automatic platé material discharging device .
5 8 are used, the plate making operation can be further facilitated
and the time required for the platemaking can be shortened, wherein
effects of the invention can be further..enhanced.
A description is given of a printing plate making process

byaplatemaking apparatus lwithreferencetoFig. ll1Aandpartially

10, by Fig. 2.

> plate material 9 is first mounted on-the drum-11 by using

g
i)

LT E

hatdic plate material supplying device 7.. At this time,

the plate ial 9 is brought into close contact with and fized

i_z
£z

on the dr by a well-known mechanical method such as a plate

15 . top/tailf gripping device, an air:suction device,. etc., or an

T

i

well-kngwn electrostatic method, etc. Therefore, the tail end of
theplatgmaterial 9isprevented fromflappingagainst, andbringing
into contact with and thus damaging the ink jet recording device
2 during the process of recording the image thereon. Also, it is
20 possible to prevent the plate material 9 from briné into contact
with the ink jet recording device 2 by using an arrange which brings
the plafe material 9 into close contact with the drum 11 only in
the neiéhborhood of the recording position of the ink jet recording
dévice at least duringrecording the image. Indetail, forexample,

25 the armange may be hold-down rollers disposed on both upstream
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and downs sides of the recording position on the drum 11.
When notfre¥d¥ding an image, it is preférable that the head is

kept apart from the plate materials, whereby it is possible to

contfact with the ink jet recording device 2 and being thereby

dangfaged.

/4. . transmispiqrfjdevice, etc., decomposes the colors as.necessary,

- 15

20

25

- and simul

‘calcula

51y calculates to divide the decomposed image into

.an: adeghat§ number of pixels and-graduations.  Further, it -

res the dot area percentage in.order to dot:an:oil-based .

ink imalge or to make the same into half tone by using an ink jet

~ejectipn head 22 (See Fig. 3, described in detail later) that the

ink 7§ recording device 2 has. 1In addition, as-described later,
the ifnage data calculation controlling unit 21 controls movement
of the ink jet ejection head 22 and ejection timing of oil-based
inKf, and simultaneously, controls the operation timing of the drum
etc., as necessary.

The calculation data that are inputted into the image data
calculationcontrollingunit 21 are temporarily stored in abuffer.
The image data calculation controlling unit 21 instructs the
rotation of the drum 11 and moves the ejection head 22 towards

the drum 11 by the head approaching and separating device 31. The

distance between the ejection head 22 and the surface of the plate
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material S mounted on the drum 11 is controlled at a predetermined
distance during recording, by mechanical distance control such
as contact rollers or by controlling the head approaching and
separatingdevicebasedonsignals fromanoptical distance detector.
‘5 With such distance control, the dot diameters are not made uneven.
due to floating of a plate material and also the dot diameters
do not change even when vibration is given to the plate making
apparatus. " Thus, thesatisfactoryplatemaking can be carriedout.

The main scanning is carried out by rotations.of the drum

10 11 in order to record an image. The ejector is arrayed in the axial
direction of the drum :11. The ejection head 22 is moved: in the

axial direction of the drum 11 per rotation of the drum 11 by the

image.data calculation controlling unit 21, wherein oil-based ink

o
)

=0
3

is ejected onto a plate material 9 mounted on. the drum 11 at the

15 ejection position and dot area percentage, which are obtained by

- LI

the above-described calculation. Therefore, a dot (half-tone)

image with -gradations corresponding to the original print is

recorded on the plate material 9 with oil-based ink. These

operations are continued until the oil-based 1ink image

20 corresponding to one-color information of the original print is
formed on the plate material 9 to prepare a printing plate.

And, in order to protect the ejection head 22, the ejection

head 22 is moved away from the position close to the drum 11. The

head approaching and separating means operates so as to keep the

25 ejection head at least 500um or more away from the drum except
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during image recording. The toward and away operation may be
effected using sliding system, or mechanical by which the ejection
head 22 is gri?ped with an arm fixed on a shaft and moved in a
pendulum-like motion by operating the arm around the shaft. Since
the ejection head 22 is thus moved array form the drum when the

image recording isnot carriedout, theejectionhead 22 isprotected

.from any physical damage or contamination. ™®As a result, the-life"

of the head can be extended.
-In addition, - the formed oil-based ink image.is hardened by

the fixingdevice 5. : As a fixing means of ink, a heat fixing means,.

and-a solvent:fixing means, which have been publicly known,: may

be used. It is general 'that) in the heat.fixing means, aninfrared
ray lamp, a halogen lamp, or a xenon flash lamp is :L_rradiated,
or hot air ‘is. applied by a heater, or a heated roller is used-
In such a case, for increasing the fixing:efficiency measured made

be adopted such as preheating the plate cylinder, preheating the

plate material, performing the recording under exposure to hot
air, usingaplate cylinder coated wi'th a heat insulator, or heating
the plate material alone by separating the plate material from
the plate cylinder only at the time of fixing. Flash fixing using,
e.g., a xenon lamp, 1is well-known as a fixing method for
electrophotographic toner, and has the advantage of performing
thefixinginashorttime. Inaddition, whereapaperplatematerial
is used, a phenomenon called “blister”, in which humidity inside

the plate material is sharply vaporized due to a sharp increase
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intemperature,andthesurfaceoftheplatematerialisnadeconvex
and concave, is obliged to occur. . It is preferable that, in order
to gradually raise the temperature of the platematerial, the power
supply to a heating source is gradually increased while rotating
the drum 11, and the rotation speed is varied from high speed to
lowspeedwith the power supplymade constant. Itisalsopreferable
that a plurality of fixing devices are installed in the rotatdion
direction of the drum 11, the temperature of paper plate materials

is gradually increased by varying the distance to these plate

"materials 9 and/or the supply power.

Inthe caseof solvent fixing, a solvent capableofdissolving
the resin component of the ink, such as methanol and ethyl acetate,
is sprayed or its vapor exposes onto the plate material, and the.
excess solvent vapor is recovered.

Also, at least in the process from formation of ‘an oil-based
ink image, which is made by the ejection head 22, to a fixing made
by a fixing device 5, it is highly recommended that nothing is
brought into contact with the image on the plate material 9.

In addition, a description with reference to Fig. 2 is given
of a configurational example of a plate making device in which
subscanningis carriedout by running theplatematerial 9. However,
the present invention is not limited to the following construction.

The plate material 9 is pinched and held by two pairs of
capstan rollers 12. An image is recorded by the ink jet recording

device 2 using data that are calculated to be divided into adequate
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numbers of pixels and graduations by the image data calculation
controlling unit 21. It is preferable that a grounding means 13
which becomes the counterelectrode to an electrode of the ejection
head during ejection under an electrostatic field.is provided at

5. theportiontoberecordedbytheinkﬁetrecordingdeviceQ,wherein
the recording is facilitated.

‘On the other hand, a conductive layer is preferably provided
on a substrate where the substrate of a plate material 9 is good
insulator.. In-this case, the conductive.layer. is preferably.

10 grounded by a publicly known means such as a brush; a plate spring,

. a roller or:-the 'like, which has a conductive  property.: ..:.

In addition, Fig. 11B shows a device in which a sheet plate
material. is used. However, a roll-shaped plate . material may. be-

.favorably used. 1Inthis case, it is preferable that a sheet cutter

E 15 is provided at the upstream side of an automatic plate material -
) discharging device.

Further, the plate making apparatus has an ink jet recording
device 2, whereby, in order to form an image, oil-based ink is
ejected into the plate material 9 in response to image data that

.20 are sent from the image data calculation controlling unit 21.

In addition, the plate making apparatus 1 has a fixing device
5 for fixing an oil-based ink image recorded on the plate material
9. As necessary, a plate surface oil-desensitizing device 6 may
be installed for increasing the hydrophilic property of the surface

25 of the plate material 9. The plate making apparatus 1 also has
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.means 10 for removing dust present on the surface of the plate
material 9 before and/or during the process of recording the image.
onto the plate material 9. Therefore, ink can be effectively
prevented from being adhered onto the plate material 9 by or along
5 dust placed between the ejection head and the plate material during
the making of a plate, and satisfactoryplatemaking can be carried
out. As the dust removing means 10, a contdct method using suéh-
as a brush, a roller, etc., may be employed in addition to a
conventional non-contactmethodsuchasaremovingmethodbysuction,

10. blowing, and/or an electrostaticity. In the present invention,

- either anair suction method or air blowing method.or:a combination :::

= . thereof may be preferably employed.

| Further,anautomaticplétematerialsupplyingdevice']that

5.1 - automatically supplies plate materials 9 . onto the drum 11, and

= 15- - anautomaticplatematerial dischargingdevice 8 that automatically
removes plate materials 9 from the drum 11 after image recording
is completed may be installed. Where the automatic plate material
supplyingdevice'7andautomaticﬁlaten@terialdischérgingdevice
8 are used, the plate making operation can be further facilitated

20 and the time required for the plate making can be shortened, wherein
effects of the invention can be further enhanced.

A description is given of a printing plate making process

byaplatemakingapparatus lwithreferencetoFig. 1ll1Bandpartially
by Fig. 2.

25 First, theplatematerial 9isdeliveredbyusingtheautomatic
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platélnaterial supplying<device'7and“caps£an rollers 12. At this
time, byproviding aplatematerial guidingmeans (not illustrated)
or thelikeasnecessary, it ispossible toprevent theplatematerial
9 from being damaged due to the top and tail end thereof :flapping
5 and being-brought into contact with the ink jet recording device
2. In addition, a means for preventing the plate material 9 from
slackening only at the neighborhood of the fecording position of
the ink jet recording device 2 is provided. 'Thus, it is possible

to prevent the plate material 2 from being brought .into contact

for providing hold-down rollers at the upstream and downstream

_.sides of the recording position. When not recording an image, it

is preferable that the ejection head is kept apart from the plate
= 15 material 9, whereby it is possible to effectively prevent a poor
condition such as a damage from occurring due to the ejection head
being brought into contact with the ink jet recording device 2.
Image data from the magnetic disk device or the like are
given to the image data calculation controlling unit 21, and the
20 image data calculation controllingunit 21 calculates the ejection
position of oil-based ink and dot area percentage at the position
on the basis of the inputted image data. These calculation data
are temporarily stored in a buffer.
The image data calculation controlling unit 21 controls

25 movement of the ejectidn head 22, ejection timing of oil-based

- 10 with the ink jet recording device 2 by actuating the means.at least = -

‘:durinqrecordinganimage.zIndetail,forexample,therejjsameans.%
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ink, and simultaneously, controls operation timing of the capstan
rollers. As necessary, by the head approcaching and separating
device 31, the controllingunit 21 moves the ejectionhead 22 towards
a position close to the plate material 9.

The distance between the ejection head 22 and the surface

of the plate material 9 is kept at a predetermined distanc,e,.' during

"recording, by mechanical distance control such:as contact rollers .

or by controlling the head approaching and separating device based

- on signals from an optical distance detector.. With such distance

control, the dot diameters are not made uneven due to floating -

~of-a'plate material and also the dot diameters.do not .change even :-
. when vibration is given to the plate making apparatus. Thus,. the

satisfactory plate making can be carried out. .

A single channel head, a multi-channel head, or a:full-1line
head may be used as the ejection head 22, and'subscanning is carried "
out by delivery of the plate materiai 9. In the case of the
multi-channel head provided with a plurality of ejectors, the
arraying direction of the ejectors is established to be roughly
parallel to the traveling direction of the plate materials. 1In
addition, in the case of the single channel head or multi-channel
head, the ejection head 22 is moved orthogonally to the traveling
direction of the platematerial 9 perdelivery of theplatematerial
by the image data calculation controlling unit 21, and oil-based
ink is ejected onto the platematerial 9 on the basis of the ejection

position and dot area percentage, which are obtained by the
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above-described calculation. Therefore, a dot (half-tone) image
with gradation corresponding to the original print  is recorded
on fhe plate material 9 with oil-based ink. This operation is
continued until the oil-based ink image corresponding to one-color
information of the original print is formed on the plate material
9 toprepare aprintingplate. Ontheother hand, where the ejection
head:22:is a full=-line head having the same length as-that of the .

widthof theplatematerial 9, theejectorisarrayedinthedirection

.roughlyorthogonal tothe travelingdirectionof theplatematerial,.
- and an oil-based ink image corresponding to one—-color information
:-0f -the.original--print is formed on the platé material .9 by the = -

‘plate material 9 having passed through the ‘recording portion to: -

prepare a printing plate.
‘And,. in order to protect the ejection head 22, the. ejection
head 22 is move away from the position close to.the drum 11.- The.

head approaching and separating means operates so as to keep the

.ejection head at least 500um or more away from the drum except

during the image recording. The toward and away operation may be
effected using sliding system, or mechanical by which the ejection
head 22 is gripped with an arm fixed on a shaft and moved in a
pendulum-like motion by operating the arm around the shaft. Since
the ejection head 22 is thus moved away from the drum when the
image recording is not carried out, the ejection head is protected
from any physical damage or contamination. As a resulf, the life

of the head can be extended.
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In addition, the formed oil-based ink image is hardened by

a fixing device 5. As a fixing means of ink, a heat fixing means,

and a solvent .fixing means, which have been publicly known, may
be used. It is common that, in the heat fixing means, an infrared
lamp, a halogen lamp, or a xenon flash lamp is irradiated, or hot
air is applied by a heater, or heated roller is used.. Flash fixing
using,.e.g., a xenon lamp, is well-known as a fixing method for.
electrophotographic toner, and has the advantage of performing

the fixinginashorttime. Inaddition, whereapaperplatematerial

is used, 'a phenomenon called “blister”, in:which humidity. inside . -
"< thepaperplatematerial is sharply vaporizeddue toasharp increase -+ .

intemperature, and the surface of theplatematerial is made convex -

and concave, is obliged to occur. It is preferable that,.in order

. to gradually raise the temperature of the paper plate material,

in view.of preventing the blister of the plate materials 9, a
plurality of fixing devices are installed, fhe power supply and/or
distance from the fixing devices to the plate material 9 is varied.
With respect to fixation by the solvent, a solvent that is
capableofdissolvingresinconstituentsinthe inksuchasmethanol,
ethyl acetate, etc., is sprayed, or the plate material is exposed
to vapor thereof, and surplus solvent vapor 1is collected.
Also, at least in the process from formation of an oil-based
ink image, which is made by the ejection head 22, to a fixing made
by a fixing device 5, it is highly recommended that nothing is

brought into contact with the image on the plate material 9.



LR

[l,,,]l

i A

ype
Tier

£

T

10

15

20

25

64

The obtained printing plate is subjected to printing by a
publicly known lithographic printing method. That is, printing

corresponding to one color is carried out in the following steps,

-in which the printing plate on which an oil-based ink image is

formed is mounted on a printing press, a printing ink -image is

formed by applying printing ink and dampening water, and is

transferred-onto a blanket cylinder that rotates together with-
“aplate cylinder, and the printing ink image on the blanket cylinder
is transferred onto sheets of paper that pass -between the blanket
. cylinder:and the impression cylinder. After the printing -is
-.completed,. the printing plate is removed from the plate cylinder, -=*

- .and the blanket of the blanket cylinder is washed.off by a blanket

cleaning device,. and subsequent printing is acceptable.

Also, since the ink jet recording device 2 is similar to

--thatdescribedwithfeferencetoFig.2describedabove,description

thereof is omitted.

A description is given of a printing method using an ink
jet recording method according to the invention.

A configurational example of a printing apparatus used to
embody the ink jet printing method according to the invention is
shown below. However, the present invention is not limited to the
following construction example.

Fig. 14 through Fig. 21 are views showing outlined
configurational examples of a printing apparatus that records an

image by moving a printing medium by rotations of an opposed drum
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according to the invention.

Fig. 14 through Fig. 17 are views showing outlined
configurational examples of a web type printing.apparatus in which
aroll-shapedprintingmedium is extended by a drumopposed thereto,
a printing medium supplying roll and a printing medium winding

rolloraguideroll. Fig. 14 shows aweb typeapparatus for carrying

© . out single-sided monochromatic printing, and Fig. 15 shows a web

type apparatus for carrying out single-sided four—éolor printing,
Fig..16 and Fig. 17 are views showing an outlined configurational
example of a. double-sided four-color printing.apparatus.

Also, Fig..18°is a view showing an outlined.configurational

example of a single=sided four-color printing apparatus that cuts:

a roll-shaped printing medium, winds a cut printing medium on a
drum opaposed thereto, and carries out printing. Fig. 19 is a view
showing an outlinedcbnfigurational~example of aprintingapparatus
using a sheet-shaped recording medium.

On the other hand, Fig. 20 and Fig. 21 are views showing
an outlined configurational example of a printing apparatus that
records an image by running a printing medium with the same pinched
between the capstan rollers according to the invention. Of the
drawings, Fig. 20 shows aprintingapparatus employingaroll-shaped
printing medium, and Fig. 21 shows a printing apparatus employing
a sheet-like recording medium.

First, a description is given of aprintingprocess according

to the invention, using a general configurational viewwith respect
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to an apparatus that carries out single-sided one-color printing

on the roll-shaped printing medium shown in Fig. 14.

hown in Fig:. 14 is composed of a supplying roll 101

;g%ietprintingapparatus(hereinaftercalleda“printing

of a rgll-shaped printing medium, a dust and paper dust removing
devicg 102, an recording device 103, an opposed (image- recording)

drum//disposed at a position opposed.to the recording device 103

andffa printing medium, a fixing device 105 and a priﬁting medium

wigding roll 106.

- After dust.on the printing medium, which is sent out from

‘the supplying roll.is removed by the dust and paper.dust. removing: &< °

device 102, ink is ejected from an ink ejector. (described later).

. of the recording device 103 onto a printing medium on the recording

drum 104 incompliancewithan image, andaprinting image is recorded.

. After the image is fixed on the printing medium by using the fixing

device 105, the printed medium is wound on the printing medium
winding roll 106.

The opposed (image recording) drum 104 may be a metallic
roll that is made into an counterelectrode with respect to the
ejection electrode of the ink ejector, or a roll having a conductive
rubber layer formed on the surface thereof, or such that a metallic
layer is deposited or plated on an insulation drum surface made
of plastic, glassorceramic, etc. Therefore, aneffectiveelectric
fieldmay be formed between the drum and the ejector of the recording

device 103. Also, a heating means is provided on the recording
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drum 104 to increase the drum temperature, whereby the image
recording qualitymay be improved, andblurringof ink canbe further

suppressed rather than fostering a rapid fixing of the ejected

‘ink drops on the printing medium.

- .- Further, the physical values of the ink drops ejected on
the:printing medium are controlled with the drum temperature kept
constant, wherein it ispossible touniformly formstabilizeddots. -
It is preferable that a cooling means is provided to ma-ke the drum
temperature uniform.

As a means for removing dust and paper dusts, publicly known

- methods that areanon-contact typemethodsuchas asuction-removing

-method, ablow-removingmethod, oranelectrostatic removingmethod,

and a contacting. type method using a brush, a roller, etc., may:
be used.

Intheinvention, eitheroneor acombinationof anair suction
method or an air blowing method is used.

Inaddition, the recordingdevice 103 has an ink jet recording
device2asshowninFig. 2. Thedescriptionof theinkjet recording
device is as described above, and description thereof is omitted.

Referring to Fig. 14 and Fig. 2, a detailed description is
givenbelow of aprinting process that is carried out by the printing
apparatus.

A printing medium sent out from the printing medium supplying
roll is given tension by drive of the printing medium winding roll,

and is brought into contact with the recording drumopposed thereto,
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whereby a printing medium web is vibrated, and it is possible to
prevent the printing medium from being brought into contact with
theink jet recordingdeviceandbeing therebydamagedwhenrecording
an image.

5 -+ - In addition, a means for adhering a printing medium onto
the recording drum opposed thereto is - provided. only at the
surrounding of the recording pésition of the ink' jet recording
device, wherein by actuating the means at least when recording
an image, it is possible to prevent the printing medium from being

10 broughtintocéntactwiththeinkjetrecordingdevice: Indetail,
. for-example, it 1s effective that hold-down rollers are.provided
at . the upstream side and downstream side of the recording.position.

of the recording drum, or a guide or electrostatic suction is

285
-
,_'_=&

utilized.

£2 15 : The image data from a magnetic.disk device, etc., are given
to the image data calculation controlling unit 21, and the image
data calculation controlling unit 21 carries out calculations
regarding the ejection position of oil-based ink in response to
the inputted image data, and a dot area percentage at the position.
20 These calculateddata are temporarilystoredinabuffer. The image
data calculation controlling unit 21 moves the ejection head 22
towards the position close to the printing medium in contact with
the recording drum, by the head approaching and separating device
31. The distance between the ejection head 22 and the surface of

25 the recordingdrum ismaintained at a predetermineddistance during
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recording by a mechanical distance control such as contact rollers
or by controlling the head approaching and separating device on
thebasisofsignalsfromanopticaldistancedetector. The ejector
is arrayed in roughly parallel to the traveling direction of a
printing medium, wherein, in order to perform printing, the main
scanning is carried ocut by movement of -the ejection head in the
axialdirectionoftheabove—describedopposeadrumandsubscanniﬁg-

is carried out by rotation of the above-described opposed drum.

The movement .control of the above-described opposed drum and

ejection head is carried out by the ‘image ~data.calculation-
controllingwnﬁj:Zl; The ejection head ejects oil-based ink onto
a printing medium at the ejection position.and dot area percentage,
which are obtained by the above-described calculations. Thus, a

dot image with gradations corresponding to the original print is

‘recorded with oil-based ink. The movement is continued until a

predetermined ink image is formed on the printing medium.

After the printing is completed, tThe ejection heaa 22 is
retreated, in order to protect the ejection head 22, so that it
is kept apart from the position close to the recording drum as
necessary. At this time, although only the ejection head 22 may
be separated, the ejection head 22 and ink supplier 24 may be
separated together.

And, the head approaching and separating means operates so

as to keep the recording head at least 500pum or more away from

the recording drum except during the image recording. The toward
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and away operation may be effected using sliding system, or
mechanical by which the head is gripped with an arm fixed on a
shaft and moved in a pendulum-like motion by operating the arm
around the shaft. Since the head is thus moved away from the drum
when image recording is not being carried out, the head is protected
from any physical damage or contamination. As a result, the life
In addition; the formed oil-based ink image is hardened by

a fixing device 105. As a fixingmeans of ink, a heat fixing means,

~and a solvent fixing means, which have been publicly known, may

" be used. It is common that, in the heat fixing means, an infrared

lamp, a halogen lamp, or a xenon flash lamp is irradiated, or hot
air is applied by a heater, or a heated roller isused.. Flash fixing
using, e.g., a xenon lamp, is well-known as a fixing method for
electrophotographic toner, and has the advantage of performing
the fixing in a short time. In addition, where a laminated paper
material is used, since a phenomenon called “blister”, in which
humidity inside the paper plate material is sharply vaporized due
to a sharp increase in temperature, and the surface of the paper
plate material is made convex and concave, is obliged to occur.
Therefore, in order to gradually raise the temperature of the paper
platematerial, in view of preventing the blister, it is preferable
that a plurality of fixing devices are installed, the power supply
and/or distance to the fixing devices is varied.

With respect to fixation by the solvent, a solvent that is
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capableofdissolvingresinconstituentsinthe inksuchasmethanol,
ethyl acetate, etc., is sprayed, or the plate material is exposed
to vapor thereof, and surplus solvent»ﬁapor is collected. Also,
at least in the process from formation of an oil-based ink image,
which is made by the ejection head 22, to a fixing made by a fixing
device 105, it is highly recommended that nothing is brought into
contact with the image on the plate material 9. .

Fig. 15 through Fig. 17 show configurational examples of
a single-sided four-color printing apparatus and a double-sided -

four-color printing apparatus. However, since the operation-

principle thereof can-be easily understood on.:the basis of the #-.
" description.of the above-described single-sided monochromatic

. printing. apparatus, .description thereof is omitted.

In -addition, herein, the constfuction example- of the
four-color printing apparatus is shown. ‘The invention- is not
limited thereto, wherein the number of colors may be optionally
determined as necessary.

Fig. 18 and Fig. 19 show other configurational examples
according to the invention. The drawings are views of a printing
apparatus that is provided with an automatic taking-off device
107 and is used with a printing medium wound on the opposed drum.
Fig. 19 shows a configurationai example of an apparatus using a
sheet-shaped printing medium, which is provided with an automatic
supplying device 109. Herein, a description is given of the

configurational example in which an apparatus employing a
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roll-shaped printing medium of Fig. 18 is used.
First, a printing medium that is drawn out from the printing
medium supplying roll 101 and is cut to an optional size by a cutter
8 is mounted on the opposed drum. At this time, the printing medium

is brought into close contact with and. fixed on the drum by a.

mechanical method such-as a sheet top/tail gripping .device, an

.-air suction device, etc., or an electrostatic method, etc., which

have been publicly known, whereby it is possible to prevent the
printing medium from being damaged due to the tail end thereof

flapping and contacting the ink ejection recording device 103 when

recording an image  thereon.
- .Also;,a means that adheres the printing medium to the . .drum -

- only.at the neighborhood of the recording position of the ink jet

recording device is provided, and it is possible to prevent the .
printing medium from being brought into.contact'with the ink jet
recording device by actuating the means at least when recording
an image. In detail, for example, there is almeans for providing
hold-down rollers at the upstream and downstream sides of the
recording position on the opposed drum.

Further, when not recording an image, it is preferable that
the head is kept apart from the printing medium, whereby it is
possible to effectively prevént the printing medium from being
brought into contact with the ink jet recording device and being
thereby damaged.

The main scanning is carried out by rotations of the opposed
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drum 104. The ejector is arrayed in the axial direction of the
opposed drum 104.

The head 22 is continuously or subsequently moved in the
axial direction by the image data calculation controlling unit
21, and oil-based ink is ejected onto the printing medium, which
is mounted on the drum 11, at the ejection position and dot area
percentage that are obtained from the calculations made by the
image "data calculation controlling unit 21. Thereby, on the

printing medium, a dot image with gradation corresponding to the

‘original print is recorded with oil-based ink. The operation is.
continued until a predetermined oil-based ink image is formed on =

-the 'printing medium.

Herein, although a constructional example of a single-sided

. four-color printing apparatus is shown, the present invention is

not-limited to this. The construction thereof may be optionally
determined, as necessary, in compliance with the number of colors,
a single-sided or double-sided printing, etc.

on the other hand, Fig. 20 and Fig. 21 are views showing
an outlined configurational example of a printing apparatus
according to the invention, in which recording is carried out by
causing a printing medium to travel with the same medium pinched
by capstan rollers. Fig. 20 is an outlined configurational view
of a printing apparatus in which a roll-shaped printing medium
is used, and Fig. 21 is that of a printing apparatus in which a

sheet-shaped printing medium is used.
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Herein, a description is given with reference to the general

configurational view of an apparatus in which single-sided

‘four—-color printing is executed on a roll-shaped printing medium

shown in Fig. 20. A printing medium M is pinched by two pairs of
capstan rollers 110 and is transferred, and an image is recorded

by an ink ejection recording device 103, using the data that are

" calculated so as to be divided ‘into adequate numbers of pixels

and graduations by the image data calculation controlling unit

- (21 in Fig.2). It is preferable that a grounding means 111 which -

~ becomes an counterelectrode to an electrode of the ejection head

is provided during ejection under an electrostatic field, whereby-
the recording can be facilitated.

In addition, in Fig. 20, the printing apparatus is provided
with a sheet cutter 108 for cutting the roll-shaped printing medium
attheupstréamsideoftheautomaticdeliverydeviée107. However,
the sheet cutter may be disposed at any optional position.

Next, with reference to Fig. 20, a detailed description is
given below of a process for producing print by a printing apparatus
according to the invention.

First, a printing medium is transferred by using the capstan
rollers 110. At this time, by providing a printing medium guiding
means (not illustrated) as necessary, it is possible to prevent
the printing medium from being brought into contact with the ink
ejection recording device 103 and being damaged due to flapping

of thetopand tail of theprintingmedium. Also, ameans isprovided
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so that the printing medium is not slackened at the surrounding
of the recording position of the ink ejection recording device,
and if the means is actuated at least when recording an image,
it is possible to prevent the printing medium from being brought
into contact with the ink ejection recording device. 1In detail,
there is a method for providing hold-down rollers, for example,
at the upstream and downstream sides of th€ recording position.

Furthe;, when not recording any image, it is highly

recommended that the head is kept apart from the printing medium,

.whereby it is possible to effectively prevent .the ink ejection

- recording device frombeing subjected to damage due-to ¢ontacting. ¥ .-

The image data fromamagnetic diskdevice, etc., areprovided

to the image data calculation controlling unit 21 in Fig. 2, and

the image data calculation controlling unit- 21 .carries . out

calculations regarding the ejection position of oil-based ink and
the dot area percentage at the position in response to the inputted
image data. These calculation data are temporarily stored in a
buffer.

The image data calculation controlling unit 21 controls
movement of the ink jét head 22, ejection timing of ocil-based ink,
operation timing of the capstan rollers, and simultaneously, moves
the ejection head 22 towards to the position close to the printing
medium by the head approaching and separating device 31. The
distancebetween theejectionhead 22 and the surfaceof theprinting

medium is maintained at a predetermined distance during recording,
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by a mechanical distance control such as contact rollers, by
controlling the head approaching and separatingdevice on thebasis
of signals from an optical distance detector. With such distance

control, the dot diameters are not made uneven due to floating

of a-plate material and also the dot diameters do not-change even

" when vibration is given to the plate making apparatus. Thus, the

.satisfactory plate making .can be carried out.:

The subscanning is carried out by transfer of the printing

.medium. The ejector is-arrayed roughly parallel to the traveling
.direction -of the printing medium. The head 22 is moved in the

- direction orthogonal to.the traveling direction of the printing =

medium by the image data calculation controlling unit 21, wherein

,oil—based‘ink.is,ejected at the ejection position and .dot .area

.percentage, .which are obtained from the above-described

calculations. Therefore, adot imagewithgradation corresponding
to the original print is recorded with oil-based ink. This
operation is continued until a predetermined oil-based ink image
is formed on the printingmedium. The image printedon the printing
medium is fixed by the fixing device 5 and is delivered by the
automatic delivery device.

Herein, although the configurational example of the
single-sided four-color printing apparatus is shown,‘the present
invention is not limited to this. It is possible to optionally
determine the number of colors, and a single-sided or double-sided

printing as necessary.
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In addition, the ink ejection recording device has been
already described above with reference to Fig. 2. Herein, the
description is omitted.

The plate material (printing original plate) which can be

5 used in the present invention will be described in greater detail
below.

As the printing original plate, there may be used‘élmetal
plate such as aluminum- or chromium-plated steel plate. In

.particular, .an aluminum plate, which can be grained or.anodized

S is desirable. -As a more inexpensive:plate material, there may be.-

‘used a plate material having a water-resistant support such as
paper subjected to a water-resistant treatment, a plastic film

‘or paper laminated with plastic, having provided thereon an

15 - image-receivinglayer. The thicknessof the image-receivinglayer
is ordinarily in a range of from 5 to 30 um.

The image-receiving layer includes a hydrophilic layer
including an inorganic pigment and a binder and a layer capable
of being rendered hydrophilic by an ocil-desensitizing treatment.

20 The inorganicpigment usedinthehydrophilicimage-receiving
layer includes clay, silica, calcium carbonate, zinc oxide,
aluminum oxide and barium sulfate. The binder used includes a
hydrophilic binder, for example, polyvinyl alcohol, starch,
carboxymethyl cellulose, hydroxyethyl cellulose, casein, gelatin,

25 a salt of polyvacrylic acid, polyvinyl pyrrolidone and a methyl

10 . - tohaveanexcellent surfacewater retentionandabrasionresistance,. . -
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ether-maleic anhydride copolymer. Further, in order to impart
water-resistance to the image-receiving layer, a melamine
formaldehyde resin, aurea formaldehyde resinor other crosslinking
agents may be added thereto if desired.

The image-receiving layer to which an oil-desensitizing
treatment is applied includes, for example, -a layer:containing
zinc oxide and a hydrophobic binder. .

The zinc oxide according to the present invention is any

of zinc oxide, zinc white, wet-type zinc white, and activated zinc

white as commercially available, as described in Nippon Ganryo

GijutsuKyokai,; ed., “Shinban Ganryo Binran (New Editionof Pigment

Handbook)”;, pp. 319, Kabushiki Kaisha Seiundo (1968).

Specifically, depending on- the starting materials and
production method, zinc oxide is classified into two groups, that
produced by a wet method and that produced by a‘dry method, which
groups are further subclassified into zinc oxide produced by the
“French” method (indirect method) or “American” method (direct
method) . Suitable examples of zinc oxide include those
commercially available fromSeidoKagakuKogyoK.K., Sakai Chemical
Industry Co., Ltd., Hakusui Chemical Industries, Ltd., Honjo
Chemical K.K., Toho Zinc Co., Ltd., and Mitsui Mining & Smelting
Co., Ltd.

Specific examples of the resin to be used as binder include
styrene copolymer, methacrylate copolymer, acrylate copolymer,

vinyl acetate copolymer, polyvinyl butyral, alkyd resin, epoxy
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resin,epoxyesterresin,polyesterresin,andpolyurethaneresin;
The resins may be employed singly or in combination of two or more
thereof.

The content of the resin in the image-receiving layer is

‘from 9/91 to 20/80 in terms of a weight ratio of resin/zinc oxide.

Examples " of the oil-desensitizing solution which has
heretofore been used for the oil-desensitizing of the
image-receiving layer containing zinc oxide include those

conventionally known, for example, a treating solution containing.

-a cyan compound such as ferrocyanate or ferricyanate as the main-

. component,; a cyan-free treating solution.containing:an ammine ="~

cobalt complex, phytic acid or a derivative thereof, or a guanidine

derivative as the main component, a treating solution containing

.an inorganic or organic acid capable of forming a chelate with

an zinc ionas themain component, anda treating solutioncontaining -
a water-soluble polymer.

For instance, treating solutions containing a cyan compound
include those described, e.g., in Japanese Patent Examined
PublicationNo. sho. 44-9045, Japanese Patent Examined Publication
No. sho. 46-39403, Japanese Patent Unexamined Publication No. sho.
52-76101, Japanese Patent Unexamined PublicationNo. sho.57-107889
and Japanese Patent Unexamined Publication No. sho.54-117201.

It is preferable that the Beck’s smoothness of the surface
opposed to the image receiving layer of a plate material is in

arangeof 150 through 700 (second/10cc), whereby the formedprinting
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plate is prevented from sliding or slipping during the printing
on the plate cylinder, and satisfactory printing can be obtained.

Herein, the Beck’s smoothness can be measured by a Beck’s
smoothness tester. The Beck’s smoothness tester is to measure the

time required a fixed amount (10cc) of air to pass between a glass

- surface and a testing piece in a pressure-reduced state where a

testing pilece '~ 1s pressed, at a fixXed .pressure. level:
(1kgf/cm®(9.8N/cm?) ), onacircular glass plate that hasbeenhighly
smoothly finished and has a hole at its. middle.

Next, 'a description is given of a printing medium that:is

‘used. for the -invention.

-As a printing medium, wood-free paper that-is normally

cemployed for printing, slightly coated paper, coated paper, etc.,

maybe listed. Also, forexample, polyolefinlaminatedpaperhaving
aresinfilmlayer onthe surface thereof, plastic film, for example,
polyester film, polystyrene film, vinyl chloride film, polyolefin
film, etc., maybealsoused. Inaddition, plasticfilmor processed.
paper having metal deposited thereon or a metallic foil adhered
thereontomaybeused. Asamatterofcourse, paperor filmexclusive
for ink jet may be also used.

The oil-based ink which can be used in the present invention
is described in more detail below.

Theoil-basedinkusedinthepresent inventionisadispersion
comprising resinparticles whichare solid and hydrophobic at least

at ordinary temperature dispersed in a nonaqueous solvent having
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an inherent electrical resistance of 10° Q-cm or more and a

dielectric constant of 3.5 or less.

j 6,3 Prfeferred examples of the nonagqueous solvent having an

inherenf electrical resistance of 10° Q-cm or more and a dielectric

5 constant of Jn S5or less include straight-chainorbranchedaliphatic

hydrocarbyy alicyclic hydrocarbons, aromatic- - hydrocarbons and
-halogehati@d Products of these hydrocarbons.  Specific examples

“theregf clude hexane, heptane, octane, isooctane, decane,

isodegane, decaline, nonane, dodecane, isododecane,.cyclohexane,

10- cyclgoctane, cyclodecane, benzene, toluene, xylene, mesitylene,

|

- a.pregduct.of Exxon-Corp.), Shellsol 70 and Shellsol 71 (Shellsol:

. Isop

tragdename, product of Shell 0il Corp.),: Amsco OMS and Amsco 460
Solyent (Amsco: tradename, product of American Mineral Spirits

15 Conp.), and silicone oils. They can be used singly or as a mixture

of ftwo or more thereof. As to the nonaqueous solvent, the upper

limit of the inherent electrical resistance value is of the order

of 10'® Q-cm, and the lower limit of the dielectric constant value
about 1.9.

20 The reason why the inherent electrical resistance of the
nonagueous solvent to be used is defined as mentioned above is
that when the inherent electrical resistance of the nonagqueous
solvent 1is lowered, the resin particles cannot be highly
concentrated, causing the recorded dots to run or deteriorating

25 the press life. The reason why the dielectric constant of the

rC, Isopark, IsoparG, IsoparHand Isoparl (Isopar:.tradename,
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nonaqueous solvent to be used is defined as mentioned above is
that when the dielectric constant of the nonaqueocus solvent is
raised, the electrical field in the ink can be easily relaxed;
hence causing the recorded dots to run or deteriorating the ejection
of dot.-

As the resin particles to be dispersed in the nonaqueous

- solvent as described above are hydrophobic resin particles which

are solid at temperature of 35°C or less and have good affinity

.with the nonaqueous solvent. As such a hydrophobic resin, a resin

(P) having a glass transition temperature of from — 5°C to 110°C

or .a softening temperature of from 33°C to 140°C .is preferred. =

The more preferable.range of the glass transition temperature is
from 10°C to 100°C, and that of the softening temperature is from

38°C to 120°C. . In particular, it is preferred to have a glass

‘transition temperature of from 15°C to 80°C or a softening

temperature of from 38°C to 100°C.

By using a resin having such a glass transition temperature
or a softening temperature as described abové, the affinity of
eachresinparticlewiththe image-receivingsurfaceoftheoriginal
printingplate is enhanced and the resinparticles are firmly bonded
with each other on the original printingplate. Thus, the adhesion
of the ink image to the original printing plate is increased and
thepresslifeisimproved. Onthecontrary, if theglasstransition
temperature or a softening temperature of the resin used is beyond

the upper and lower limits specified above, the affinity of each
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resin particle with the image-receiving surface of the original
printing plate may be lowered and the bond between resin particles
may be weakened.

The weight-average molecular weight (Mw) of the resin (P)

is preferably from 1 x 10> to 1 x 10°, more preferably from 5 x

- 10% to 8 x 10°, and still more preferably from 1 x 10% to 5 x 10°.

- Specific examples of such a resin’  (P) .include olefin
homopolymers and copolymers (such as polyethylene, polypropylene,

polyisobutylene, _.ethylene-vinyl - . acetate - .copolymer,

-ethylene-acrylate copolymer, ethylene-methacrylate copolymer and

ethylenefmethacrylicacidcopolymer),vihylchloridehomopolymersw:

and copolymers (suchaspolyvinyl chloride andvinyl chloride-vinyl

acetate copolymer), vinylidene chloride. copolymers, - vinyl
alkanoate homopolymers and copolymers, : allyl . alkanocate
homopolymers and: ' copolymers, homopolymers. and copolymers of
styrene and derivatives thereof (such as butadiene-styrene
copolymer, isoprene-styrene copolymer, styrene—-methacrylate
copolymer and styrene—acrylate copolymer), acrylonitrile
copolymers, methacrylonitrile copolymers, alkyl vinyl ether
copolymers, acrylate ether homopolymers and copolymers,
methacrylate ether homopolymers and copolymers, itaconic acid
diester homopolymers and copolymers, maleic anhydride copolymers,
acrylamide copolymers, methacrylamide copolymers, phenol resins,
alkyd resins, polycarbonate resins, ketone resins, polyester

resins, silicone resins, amide resins, hydroxyl and
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carboxyl-modified polyester resins, butyral resins, polyvinyl
acetal resins, urethane resins, rosin resins, hydrogenated rosin
resins, petroleum resins, hydrogenated petroleum resins, maleic

acid resins, terpene resins, hydrogenated terpene resins,

- chroman-indene resins, cyclized rubber-methacrylate ether

copolymers, cyclized rubber—-acrylate ether copolymers, copolymers

- containing a heterocYclic ring containing ho nitrogen atom - (as
the heterocyclic ring, e.g., furan ring, tetrahydrofuran ring,
thiophene ring, dioxane ring; dioxofuran ring,. lactone- ring,
—benzofuran ring, benzothiophene ring and 1, 3-dioxetane ring), and

- . epoxXy .resins.

It is desirable for the resin particles to be contained in

the oil-based ink of the invention in an. amount of from 0.5 to

oo

by weight based on the total ink content. If the amount of
the resin particles is too low, the affinity of the 'ink with the
surface of the printing original plate is insufficient, and, as
a result, the ink may not form images of good quality and the press
life tends to decrease. On the other hand, if resin particles is
increased, it may be difficult to form a homogeneous dispersion,
and, as a result, the ink clogs the ejection head and stable ink
ejection may not be achieved.

For the ocil-based ink used in the present invention, it is
preferredtoinclude acoloringmaterial togetherwith thedispersed
resin particles in order to allow easy visual inspection of the

resulting printing plate.
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Such a coloring material may be any of a number of pigments
and dyes which have been ordinarily used in conventional cil-based
ink compositions and liquid developers for electrostatic
photography.

5. -- - The pigment to be used has no particular restriction, and
includes both inorganic and organic pigments thch are ordinarily
- -used in the field of printing. Examples of pigments usable in the
oil-based inkwithout any restriction include carbonblack, cadmium

red, molybdenumred, chrome yellow, cadmiumyellow, titaniumyellow,

10 chromiumoxide,viridian,cobaltgreen,hltramarineblue;Prussian-
= .blue, cobalt blue, azo pigments, phthalocyanine pigments,

"quinacridone pigments, isoindolidone pigments, dioxazinepigments, -
. threne pigments, perylene pigments, perylone pigments, thioindigo

pigments, quinophthalone pigments, metal complex pigments, and-

15 .other conventionally known pigments. .

As the dyes, oil-soluble dyes are suitable for use in the
oill-based ink, with examples including azo dyes, metal complex
dyes, naphthol dyes, anthraquinone dyes, indigo -dyes, carbonium
dyes, quinoneimine dyes, xanthene dyes, cyanine dyes, quinoline

20 dyes, nitro dyes, nitroso dyes, benzoquinone dyes, naphthoquinone
dyes, phthalocyanine dyes and metallo-phthalocyanine dyes.

The pigments and dyes may be used singly, or they can be
used in appropriate combinations. It is desirable that they are
contained in a proportion of from 0.01 to 5% by weight based on

25 the total ink content.
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Such a coloring material as described above may be dispersed
in the nonaqueous solvent as dispersed particles separately from
the dispersed resin particles, or it may be incorporated into the
dispersed resin particles dispersed in the nonagqueous solvent.
In the latter case, the incorporation of a pigment is ordinarily
effectedbycoating thepigment with the resinmaterial of dispersed .
resin particles to form resin-coated pdrticles; - while -the
incorporationofadyeisordinarilyeffectedbycoloringthesurface
portion of dispersed resin particles with the dye to form colored
particles.

:-The average diameter of the resin .particles; including

colored particles,. dispersed in the nonaqueocus solvent :is

‘preferably from 0.05 to 5 um, more preferably from 0.1 to 1.5 um..

The diameter of the particles is determined with a particle size

" analyzer, CAPA-500 (tradename, manufactured by Horiba Ltd.).

The nonaqueous dispersion of resin particles used in the
present invention can be prepared using a well-known mechanical
grinding method or a polymerization granulation method. 1In the
mechanical grinding method, the materials for forming resin
particles are mixed, molten and kneaded, if required, and directly
ground into fine particleswith a conventional grinder, and further
dispersed in the presence of a dispersing machine (e.g., a ball
mill, a paint shaker, a Keddy mill, a Dyno mill with dispersing
polymer). In another mechanical grinding method, the materials

for forming resin particles and a dispersion assisting polymer
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(acoveringpolymer)arekneadedinadvancetoforﬂuakneadedmatter,
then ground into fine particles, and further dispersed in the
presence of a dispersing polymer. Methods of:preparing paints or
liquid developers for electrostatic photography can be adopted
-5 in practice. Details of these methods are described, e.g., in:
“Toryo no Ryudo to Ganryoc Bunsan (Flow of Paints and Dispersion
of Pigments)”, translated under the supervision of Kenji Ueki,
Kyoritsu Shuppan (1971), Solomon, “Paint Science”, Hirokawa Shoten,
(1969)qujiHarada“CoatingEngiheering”,AsakuraShotenwl971)f.

10 YujiHarasaki, “CoatingnoKisoKagaku (Elementary Courseof Coating

Science)”, Maki Shoten (1977), etc.
. For the polymerization granulation method, well-known
methods for dispersion polymerization in nonaqueous medila can be
-employed:. .Details of such methods are described, e.g., in The

15 - Newest Technology of Super-Fine Polymer . Particles, Chapter 2,

B
Bl
T

edited under the supervision of Soichi Muroi, CMC Shuppan (1991),

The Latest Systems for Electrophotographic Development, and

Development and Application of Toner Materials, Chapter 3, edited

by Koichi Nakamura, Nippon Kagaku Joho K.K. (1985), and K.B.J.

20 Barret, Dispersion Polymerization in Organic Medium, John Wiley
(1975} .

In order to stabilize the particles dispersed in the

nonagqueous solvent, theparticles are generally dispersed together

with a dispersing polymer. The dispersing polymer contains

25 repeating units soluble in the nonaqueous solvent as the main
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component, and a weight-average molecular weight (Mw) thereof is
preferably from 1 x 10> to 1 x 10°, more preferably from 5 x 10°

to 5 x 10°.
Suitable examples of the soluble repeating units of the
5 dispersing polymer.usablé in the present invention include: a.

polymerizing component represented by the following formula (I):

. aq ?2
—CH—CF—
10 - . . l - ' (1)
X]_R
;i In the general formula (I), X; represents -COO-, -0OCO- or .
;a -0~

R represents an alkyl or alkenyl group having from.10. to

15 32 carbon atoms, preferably an alkyl or alkenyl group having from

fp
I

10 to 22 carbon atoms, which may have a straight—-chain or branched
structure and may be substituted, although the unsubstituted form
is preferred
Specific examples of the alkyl group include decyl, dodecyl,
20 tridecyl, tetradecyl, hexadecyl, octadecyl, eicosanyl, docosanyl,
decenyl, dodecenyl,  tridecenyl, hexadecenyl, octadecenyl or
linolenyl.
The suffixes a; and a», which may be the same or different,
each represents a hydrogen atom, a halogen atom (e.g., chlorine

25 or bromine atom), a cyano group, an alkyl group having from 1 to
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3 carbon atoms (e.g., methyl, ethyl or propyl)., —CO0-Z2; oxr —CH,CO0O-2;
(wherein Z; represents a hydrocarbon group having not more than
22 carbon atoms whichmay be substituted (such as an alkyl, alkenyl,
aralkyl, alicyclic or aryl group).

Preferred examples of the hydrocarbon group represented by
Zi1 include an unsubstituted or substituted alkyl group haviné, from
1 tov22 carbon atoms (e.g., methyl, ethyl, propyl, butyl, hexyl,
heptyl, octyl, nonyl, decyl, dodecyl, tridecyl, tetradecyl,
hexadecyl, octadecyl, eicosanyl, docosanyl, 2-chloroethyl, -
2-bromoethyl, 2-cyanoethyl, 2-methoxycarbonylethyl, -
2-methoxyethyl or 3-bromopropyl), anunsubstituted or substituted
alkenyl group - having from 4 to 18 -carbon : atoms-: (e.g.,
2-methyl-l-propenyl, 2-butenyl, 2-pentenyl, 3-methyl-2=-pentenyl,
l-pentenyl, 1l-hexenyl, 2-hexenyl, 4-methyl-2-hexenyl, decenyl,
dodecenyl, -tridecenyl, hexadecenyl, octadecenyl or linolenyl);,
an unsubstituted or substituted aralkyl group having from 7 to
12 carbon --atoms (g.g., benzyl, phenetyl, 3—phgnylpropyl,
naphthylmethyl, 2-naphthylethyl, chlorobenzyl, bromobenzyl,
methylbenzyl, ethylbenzyl, methoxybenzyl, dimethylbenzyl or
dimethoxybenzyl), anunsubstituted or substituted alicyclic group
having from5 to 8 carbon atoms (e.g., cyclohexyl, 2-cyclohexylethyl
or 2-cyclopentylethyl) and an unsubstituted or substituted
aromatic group having from 6 to 12 carbon atoms (e.g., phenyl,
naphthyl, tolyl, xylyl, propylphenyl, butylphenyl, octylphenyl,

dodecylphenyl, methoxyphenyl, ethoxyphenyl, butoxyphenyl,
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decyloxyphenyl, chlorophenyl, dichlorophenyl, bromophenyl,
cyanophenyl, acetylphenyl, . methoxycarbonylphenyl,
ethoxycarbonylphenyl, butoxycarbonylphenyl, acetamidophenyl,
propionamidophenyl or dodecyloxylamidophenyl)].-

In addition to the repeating units represented by formula
(T), the dispersing polymer may contain other repeating units as
copolymerizing components. The copolymerizing components may be

derived from any monomers as long as they can be copolymerized

. with the monomers corresponding to the repeating units of formula

(I).

The suitable proportion of the repeating unit represented
by . formula (I) in the dispersing polymer is preferably at least
50% by weight, more preferably at least 60% by weight.

Specificexamplesofthedispersingpolymer includematerials
described in Japanese Patent Unexamined Publication No. Heil.
10-204354, Japanese Patent Unexamined Publication No. Hei.
10-2043586, Japanese Patent Unexamined Publication No. Hei.
10-259336, Japanese Patent Unexamined Publication No. Hei.
10-306244, Japanese Patent Unexamined Publication No. Hei.
10-316917, Japanese Patent Unexamined Publication No. Hei.
10-316920, etc, DispersionStabilizingResin (Q-1) used inExamples
described hereinafter and commercially available products, e.qg.,

Sorprene 1205 manufactured by Asahi Chemical Industry Co., Ltd.
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Inpreparingtheresin (P) particlesinthestateofanemulsion
(latex), it is preferred that the dispersing polymer be added prior
to the polymerization. |

. The amount of the dispersing polymer to be added is from
1 to 50% by weight.relative to the resin (P) for particles.

In the oil-based ink employed in the present invention, it

is desirable that the dispersed resin particles and colored

particles (or the particles of coloringmaterial) be electroscopic

. particles charged positively or negatively.

In order to impart electroscopicity to those particles, . wet

"developer - technology for electrostatic. photography. can -be:

appropriately utilized. Specifically, electroscopicity. can be -

imparted to the particles by using a charge control-agent-and other.
additives as described, e.g., in “Saikin no Denshi Shashin Genzo
System to Toner Zairyou no Kaihatsu Kitsuyouka (The Latest Systems
for Electrophotographic Development, and Development and
Application of Toner Materials)”, pp. 139 ~ 148, described above,
“Denshi Shashin Gijutsu no Kiso to Oyo (The Fundamentals and
Applications of Electrophotographic Techniques)”, edited by
Electrophotographic Society, pp. 497 - 505, Corona Co. (1988),
and Yuji Harasaki, “Denshi Shashin (Electrophotography)”, vol.
16 (No. 2), p- 44 (1977).

In addition, details of those materials are described, e.qg.,
in British Patents 893,429, 934,038 and 1,122,397, U.S. Patents

3,900,412 and 4,606,989, Japanese Patent Unexamined Publication
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No. sho 60-179751, Japanese Patent Unexamined Publication No. sho
60-185963 and Japanese Patent Unexamined Publication No. Hei-
2-13965.

‘The charge control agent as described above is preferably
used in an amount of from 0.001 to 1.0 parts by weight per 1,000

partsbyweight of dispersingmediumas acarrier liquid. "‘Although,

- various kinds of additives can be further added, the total amount

of additives has an upper limit because it is restricted by the
electrical resistance allowable for the oil-based ink. More.

specifically, if the ink has an inherent electrical resistance.

of lower . than”10? Q-cm under the condition . . that the dispersed -

particles are removed from the ink, it is made difficﬁlt to obtain -
satisfactorily continuous graduation image.. Therefore, it is-
necessary that the amount of each additive added be controlled
within the above described limitation.

The present invention will be further described in the
following examples, but the present invention should not be
construed as being limited thereto.

An example of a preparation of resin particles (PL) suitable
for the ink will be described below.

Preparation Example 1 of Resin Particle (PL-1)

A mixed solution of 10 g of Dispersion Stabilizing Resin
(0-1) having thestructureillustratedbelow, 100gofvinyl acetate,
and 384 g of Isopar H was heated to a temperature of 70°C under

nitrogen gas stream with stirring. To the solution was added 0.8
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g of 2,2’ -azobis(isovaleronitrile) (abbreviated as A.I.V.N.) as
a polymerization initiator, followed by reacting for three hours.
Twenty minutes after the addition of the polymerization initiator,
the reaction mixture became white turbid, and the reaction
temperature rose to 88°C. Further, 0.5 g of the above-described

polymerization initiator was added to the reaction mixture, and

-the reaction was. carried out for two hours. Then, the temperature

of the reaction mixture was raised to 100°C, and stirred for two
hours toremove the unreactedvinyl acetatebydistillation. After
cooling, the reaction mixture was passed through a nylon cloth

of 200-mesh to obtain a white dispersion. ' In-the polymerization

.process, the percent polymerizationwas 90%. ‘Thewhitedispersion

obtained was a latex of good monodispersity having an average

particle diameter of 0.23 pm. The average particle diameter was

measured by CAPA-500 (manufactured by Horibé Ltd.).

Dispersion Stabilizing Resin (Q-1)

" o
+CH2—T)96 ¢-CHy~C—
COOCzHas COO(CH,)>,OCO(CH,),COOCH,CH=CHj,

Mw: 5 x 10° (composition ratio: by weight)
A portion of the above-described white dispersion was
centrifuged at a rotation of 1 x 10 r.p.m. for 60 minutes and the

thus-precipitated resin particles were collected and dried. The
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weight-average molecular weight (Mw) of the resin particles was
2% 10° (aGPCvalue in terms of polystyrene) and the glass transition
temperature (Tg) thereof was 38°C.
EXAMPLE 1-1
An oil-based ink was prepared in the following manner.

Preparation of Oil-Based Ink (IK-1)

In a paint shaker (manufactured by Toyo Seiki K.K.), 10 g
of copolymer of dodecyl methacrylate and acrylic acid
(copolymerization ratio: 95/5 by weight), -10. g - of nigrosine and

30 g.of Shellsol 71 were placed together with glass beads,  -and

~themixturewas dispersed for four hours toprepare:a finedispersion

of nigrosine.

Amixture of 60 g (as a solidbasis) of Resin Particles (PL-1)

.prepared in Preparation Example 1, 2.5 g of the above-described

dispersion of nigrosine, 15 g of FOC-1400 (tetradecyl alcohol,
producedbyNissanChemicalIndustries,Ltd.)and0.0égofcopolymer
of octene and semimaleic acid hexadecylamide was diluted with one
liter of Isopar G, thereby preparing oil-based black ink.

An ink tank of an ink jet recording device of an on-press
recording type lithographic printing apparatus (see Figs. 1 and
2) was filled with 2 liters of Oil-Based Ink (IK-1) thus prepared.
A 150 (dpi) 6l-channel multiple-channel head as shown in Fig. 3
was used as an ejection head. A drop-in type heater and stirring
blades were installed for controlling the ink temperature in the

inktank. The inktemperaturewassetat30°C. Temperaturecontrol
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was carriedout with a thermostat while rotating the stirringblades
at 30 r.p.m. Rotation of the stirring blades was also utilized
for preventing precipitation and aggregation.  Further, a portion
of the ink flow course was made transparent, which portion was
5 arrangedbetween a light emission diode (LED) and a 1light detector,
concentration control of the ink was carried out'by feeding diluent
for the ink:(Isoper G) or concentratedink (the solid concentration
of which was adjusted to twice that of 0Oil-Based Ink (IK-1)).
An aluminum plate having a thickness of 0.12 mm which had

10 - been subjected to graining and anodizing treatment .was used as

+a plate. material.. The plate material: was mounted .on the plate
cylinder with the head and end thereof being gripped by a mechanical -

. device provided on the plate cylinder. With the dampening water

N L

 supplier, the printing ink supplier and the blanket cylinder being -

‘15 - separatedfromtheplatematerial, dustontheplatematerial surface -

was removed by air-pump suction. Then, the ejection head was moved

- closetotheplatematerial until it reached therecordingposition.
Image data tobeprintedwas transmitted to an image date calculation
controlling unit. The oil-based ink was ejected onto the aluminum

20 plate material, thereby forming an image on the aluminum plate
material. Duringejection, the ejectionelectrode of theejection
head had a tip width of 10 pm, and the distance between the head

and the plate material was kept at 1 mm by utilizing output from

an optically gap-detecting device. A voltage of 2.5 kV was always

25 applied as a bias voltage, and a pulse voltage of 500 Vwas further



T M M

i

T

10

15

20

25

96

superimpoéed for each ejection of ink. The duration of pulse
voltage was changed stepwise from 0.2 millisecond to 0.05
millisecondin?256 steps, therebychangingthedotarea for recording.
As a result, deterioration of image quality due to a change in
dot size was not observed at all even when the ambient temperature

variedduring theplate-makingprocedure and the number of printing -

.plates prepared with the apparatus was increased.. Inother words, -

satisfactory plate-making was accomplished.
. The image formed on theplatematerial was hardened by heating

withaxenon flashfixingdevice (made by USHIO INC. ) under a luminous

intensityonOOJ/pulse,therebjpreparingaprintingplate. Then, - . -

the ink jet recording device was moved away together with the

subsidiary scanner from the position close to the plate cylinder

- and kept apart at a distance of 50 mm from the plate cylinder for.

the purpose of protecting the ejection head.  Thereafter, printing
was effectedonprintingcoatedpaperusinganordinarylithographic
printing method. In some detail, a printing ink énd a dampening
water were given to the printing plate to form a printing image
thereon. The printing ink image thus formed was then transferred
to the blanket cylinder rotating together with the plate cylinder.

On the other hand, image recording was effected in the same
manner as in Example 1-1 except that a 200 dpi (distance between
electrodes: 127 pum) 64-channel head was used. As a result, the
image thus printed was remarkably subject to phenomenon shown in

Figs. 12 and 13. Thus, dots to be ejected disappeared. Further,
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ected from the edge electrode at both ends showed an error

in distance between electrodes at maximum. Accordingly,

the image quality thus obtained was not worth evaluating.

Subsequently, the printing ink image on the blanket cylinder was

transferred to a printing coated paper passing.through the gap

between the blanket cylinder and the impression cylinder.

~'The print after printing 10, 000 sheets had a very sharp image

without the occurrence of missing, fading or sharpening of the

printed image. After the completionof plate-making, -theejection

head was cleaned by supplying Isopar G to the head and dripping

.. the Isopar G from the opening of the head for 10 minutes. : Then,

the head was stored in a cover filled with vapor of Isopar G. By

this tr

A

an ink
betweern

course

eatment, prints of good quality were provided for 3 months

without any other work for maintenance.

EXAMPLE 1-2-
cizxculation pump was used as a stirring. means, and a
h head of 256 channels, which is a 100dpi as has been
G. 5, Fig. 7 or Fig. 9, is disposed. A pump is used,
reservoir is, respectively, provided at an ink flow course
the pump and the ejection head, and between the ink recovery

bf theejectionheadandthe ink tank. Then, inkiscirculated

by a diffference in the static pressure between these courses. A

heater

control

set to

and the above-described pump are used as a means for
ling an ink temperature, wherein the ink temperature is

35°C and is controlled by a thermostat. Herein, the
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circulationjpump was also used as an stirring means for preventing.
precipitation and aggregation. In addition, a conductivity
measuring device is disposed in the ink flow course, wherein the
concentration of ink 1is controlled by diluting the ink or
concentrafin he same on the basis of the signals outputted from
the condycti \ measuring device. As a plate material, the
above-degicrihped aluminum plate was mounted én the plate cylinder
of an lithographic printing apparatus. After dust on the surface
of the pflate material is removed by a nylon-made -rotary brush,
data of
calcula-idn:controlling unit, and the image.is recorded by a:
full-lijhe head while rotating the plate cylinder. Oil-based ink
isejeg edonto the aluminumplate to form the image. :Anydefective

image e to dust cannot be found, and the image can be prevented

from dgteriorating due to changes in the dot diameters even by

of the outer temperature ana/or an increase»in the number
of plaffes made, wherein satisfactory plate making can be achieved.
Subsdgquently, the image is fixed by aheated roller (made by HITACHI
KIN KU, and its consumption power is 1.2kw), 1is strengthened,
and/ is made into a printing plate.

Using the printing plate thus made, printing was then
conducted. As a result, the print obtained had a very sharp image
without the occurrence of missing, fading or sharpening of image

even after printing 10,000 sheets. After the completion of

plate-making, the ejection head was cleaned by circulating Isopar

n image to be printed are transmitted to the image data -
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G therethrough and then bringing nonwoven fabric impregnated with

Isopar Ginto contact with the tip of the head. By this treatment,

prints of good quality were provided for 3 months without any other

work for maintenance.

EXAMPLE 1-3

5 . S : .
05 3 50 (dpi) 128-channel multiple channel head as shown in
_ ﬁ Fig. 7Jwas mounted as an ejection head on the-ink jet recording

devicel of n on-press recording type- four—co‘lof sigle-sided

10

15

20

25

o.oconce

‘Examp

CODCGA

lithograp rinting apparatus (see Fig. 10)... Using.a contact
rollegmadg Teflon, the gap was adjusted to 0.8 mm. 5, 000 sheeté
. 7of printing plates were then prepared in.the same manner as- in-

e. 1 except that the ink tank was: replenished with a

1trated ink according to the number of sheets having the ink

’ntration control means. As a result, the image thus formed

on the plate material showed no defects due to dust and was not

affegted by the change of the ambient temperature. As the number

of sheets of printing plates made increased, the diameter of dots

pringted showed some but an acceptable ch_ange. The printing plates

th made were also subjected to flash fixing as mentioned above

and fixing by irradiation with light from a halogen lamp (Type

QIR, P

was ef
plate

ethyl

roduced by USHIO INC.), or fixingwith spray of ethyl acetate.
For the fixing by irradiation with a halogen lamp, heating
fected so that the temperature of the surface of the printing
reached 95°C for 20 seconds. For the fixing with spray of

acetate, the amount of ethyl acetate sprayed was adjusted
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toaboutlg/m{ As aresult, theprint after printing 10, 000 sheets
had a very sharp full-color image without the occurrence of fading
or sharpening of the printed image. Inparticular, the fixingtime
in heated roller fixing or fixing by irradiation with light from
a halogen lamp was drastically reduced by wrapping a heat insulator

material (PET film) around the plate cylinder. 1In this case, the

- aluminumsubstratewas groundedthroughanelectrically-conductive

brush (Thunderlon, produced by Tuchiya K.K.; resistance: about

107" Q-cm) which comes in contact therewith.

EXAMPLE 1-4

The. procedure of Example 1-1 was followed except that the
aluminum plate material was replaced by a paper plate material -
having a hydrophilic image-receiving layer provided on the surface
thereof.

Wood—-free paper having a basis weight of 100 g/m? was ﬁsed
as asubstrateand, onbothsidesof the substrate, awater-resistant
layer composed of as main ingredients kaolin and resin components,
including polyvinyl alcohol, SBR latex and melamine resin, was
provided to form a paper support. A dispersion A prepared from
the following composition in the following manner was applied to
the paper support in a dry coating amount of © g/m? to form an
image-receiving layer, thereby preparing a paper plate material.

Dispersion A

Gelatin (lst grade, produced by 3 g

Wako Pure Chemical Industries, Ltd.)
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Colloidal silica (Snowtex C; produced 20 g
by Nissan Chemical Industries, Ltd.; 20%
aqueoué solution)
Silica gel (Silysya #310, produced by 7 g
Fuji Silysya Chemical Co., Ltd.)
. Hardener (paraformaldehyde) " 0.4 g
‘Distilled water : : I - 100 - g
The. foregoing ingredients were subjected to dispersion
together with glass beads in a paint shaker for 10 minutes.-

The print after printing 10, 000 sheets had a very sharp image

~without:the occurrernceof fading or sharpeningof the printedimage..

.On the other hand, wood-free paper was used as the printing paper. -

During -the printing of 3,000th sheet, .the image was made solid

on some area due to paper dust. Then, an alir suction pump was

.installed as a paper dust generation inhibiting device in the

vicinity of the paper supplier. As a result, no defectives in
printing occurred. The print after printing 5,000 sheets had a
very sharp image without the occurrence of fading or sharpening
of the printed image. However, the print after printing 5,000
sheets showed a longitudinal elongation of 0.1 mm on A3 size image.
EXAMPLE 1-5

The same procedure as in Example'l—l was performed, except
that the aluminumplate was replaced with a platematerial provided
withan image-receiving layer capable of being renderedhydrophilic

upon anoil-desensitizing treatment describedbelow, the non-image
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area of the printing plate prepared was rendered hydrophilic using
a plate surface oil-desensitizing device .after preparing the
printing plate, the conductive layer of the plate material was
grounded by contact with a conductiveplate spring (made of phosphor
bronze) during the recording operation, and fixing-was‘carried
out by exposing the plate material to hot air.

Wood-free paper having a basis weight of 100 g/m® was used-

as a substrate and, on both sides of the substrate, a polyethylene

filmwas laminated in a thickness of 20 ym to form a water-resistant
‘- paper support. . On one side of the thus-prepared paper .support,

~a coating for conductive layer having the following composition. -.

was coated in a dry coating amount of 10 g/m? to form a conductive-

layer and further thereon Dispersion B prepared in the manner

indicated below was coated in a dry coating amount of 15 g/m? to
forman image-receiving layer, thereby preparing aplatematerial.

Coating for conductive layer:

A coating was prepared by mixing 5.4 parts of carbon black
(30% aqueous dispersion), 54.6 parts of clay (50% aqgqueous
dispersion), 36 parts of SBR latex (solid content: 50%, Tg: 25°C)
and 4 parts of melaﬁine resin (solid content: 80%, Sumirez Resin
SR-13), and then adding water thereto so as to have the total solid

content of 25%.

Dispersion B:

A mixture of 100 g of dry-type zinc oxide, 3 g of Binder

Resin (B-1) having the structure shown below, 17 g of Binder Resin
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(B-2) having the structure shown below, 0.15 g of benzoic acid
.and 155 g of toluene was dispersed using a wet-type dispersing
machine (Homogenizer made by Nippon SeikiCo., Ltd.) at 6,000 r.p.m.

for 8 minutes.
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Binder Resin (B-1)

| CHy o cHy

| S — - . —y
5 | o CHa—C >aa CCH,p-CH /30,7 CH,—C 713

| COOCH, COOCH;, COOH

) ——

Mw: 9 x 10°

" . Binder Resin (B-2)

= | CH;
: ' l ' ’ ' \
- ~ CHy—C = CH,-CH— <t CHy— CH= 7 CH, —CH

"o
COOCH- COOC,,Has (—// COOH
15

Mw: 4 x 10° (composition ratio: by weight)

TLE

The print after printing 5,000 sheets had a very sharp image
20 without the occurrence of missing, fading or sharpening of the

printed image.

Example 2-1
In the plate making apparatus 1 (See Fig. 11A and Fig. 2),

25 the ink tank of the ink jet recording device is charged with two
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liters of oil-based ink (IK-1). Herein, a 150 dpi multi-channel
head of 64 channels, which is shown in Fig. 4, was used ‘as the
ejection head. Adrop-inheater and a stirringblade were provided
in the ink tank as the ink temperature controlling means to set
the ink temperature to 30°C. The temperature was controlled by
a thermostat while turning the stirringblade at 30 r.p.m. Herein,
the stirring blade was also used to prevent precipitation and
aggregation. In addition, a part of the ink flow line is made
transparent, which portion was arranged between. an LED

(light-emitting diode) and a light detector. -The concentration

.of the ink was controlled by feeding diluent of ink (Isober G).

or concentrated ink (the solid concentrationof-which was adjusted
to twice that of 0il-Based Ink (IK-1)).

An aluminum plate of 0.12mm thick, which is sandblasted and
treated with anode oxidization was used. The aluminum plate is
mounted so that the top and tail thereof are gripped by a mechanical
device secured on the drum of the plate making device. After dust

on the surface of the plate material is removed by means of. air

pump suction, the ejection head is moves towards the plate material

at the recording position. Image data to be subjected to plate
making are transmitted to the image data calculation controlling
unit. Herein, the image i1s formed by discharging oil-based ink
onto the aluminum plate by moving the 64-channel ejection head
while turning the drum. At this time, the tip end width of the

ejection electrode of the ink jet head was set to 10um, and the
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distance between the‘head and the plate material was controlled
so as tobecome 1lmm in output fromanoptical gapdetector. Avoltage
of 2.5KV was normally applied as a bias voltage, a pulse voltage
of 500V was further overlapped when discharging ink, and the pulse
voltage was varied in 256 steps in the range from 0.2 m‘illiseconds
to 0.05 milliseconds, wherein an image was recorded while varying
the dot area. No defects due to dust could be found at all, and
no images deteriorated at all due to a change in the ambient
temperature, or due to a change in the dot'diameters in-line with

an increase in the number of making plates, and satisfactory plate

- making could be ‘achieved.

. The image was hardened through heatingbya xenon flash fixing -

~device (made by Ushio Denki, Light-emitting intensity is

200J/pulse):, and a printing plate was made. In order to protect-

the ihk jet head, the ink jet recording device was retreated 50mm.

from the position close to the drum along with the subécanning
means. Next, the printing plate was removed from the plate making
apparatus. ItwasmountedontheplatecylinderofanOliver 266EPZ
lithographic printing apparatus, and printing was carried out.

The print after 10, 000 sheets had a very clear image without
the occurrence of missing, fading or sharpening of the printed
image. After the completion of printing, the head was cleaned by
supplying Isober G to the head and dropping the Isober G from the
opening of the head for 10 minuites. Then, the head was stored

in a cover filled with vapor of Isober G. By this treatment, prints
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of good quality were provided for 3 months without any other work
for maintenance
Exampie 2-2
A 100 dpi multi-channel head of 256 channels and of ‘such
a type as shown in Fig. 5 was disposed in the apparatus shown in

Fig. 11B. A pump was used to circulate ink, and an ink reservoir

-is, respectively, provided at an ink flow course between the pump

and the ejection head, and between the ink recovery course of the

ejection head and the ink tank. Then, ink 1is circulated by a

‘difference in the static pressure between these courses.. A heater -

and the above-described pump are used as-a means for-controlling -

- an ink temperature, wherein the ink temperature is set to 35°C and -

.is controlled by a thermostat. Herein, the circulation .pump was

élso used.as an:stirring means for preventing precipitation and-
aggregation. 'In addition, a conductivity measuring ‘device was
disposed in the ink flow course, wherein the concentration of ink
is controlled by diluting the ink or inputting the concentrated
ink on the basis of the signals outputted from the conductivity
measuring device. As 'a plate material, the above-described
aluminumplate was mountedon thedrumof theplatemaking apparatus.
After dust on the surface of the plate material is removed by a
nylon-made rotary brush, data of an image to be printed were
transmitted to the image data calculation controlling unit, and
the multi-channel head was moved in the traveling direction of

the plate material, and in line with the movement thereof, the
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image was recorded by discharging oil-based ink onto the aluminum
platebyckliverindtheplaten@terialbynmansofcmpstanrollers.
Defective images due to dust could not be found, and images could
be prevented from deteriorating due to changes in the dot diameters
even by changes in the outer temperature and/or an increase in
the number of plates made, wherein satisfactory plate making can
be achieved. Further, the image was hardenéd through heating by
fixing made by a heated roller (Teflon sealed silicon rubber roller

internallyincluding a 300Whalogen lamp), therebymakingaprinting

-plate.. -

..In. addition, printing was carried out with the: completed.

‘:plate as in Example 1. The print after 10,000 sheets had a very

. clear image without .the occurrence of missing, fading or sharpening

of theprinted image. Also, the headwas cleanedby causingunwoven
cloth contaiping Isober G to be brought into contact with the tip
end of the head after the Isober G was circulated to the head after
the plate was made, wherein it was possible to make plates, which
canbringabout satisfactoryprint, without any further maintenance
for three months.

Still further, using a 100dpi full-line ink jet head of such
a type as shown in Fig. 7 and Fig. 9 instead of the ink jet head
ofsudnatypeasshownjleig.5above,similarprintingwascarried
out, wherein satisfactory results, which are similar to those in
the respective abovementioned cases, could be obtained.

Example 2-3
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Operations that are similar to those inExample 1 were carried
out, ex.cepting that a plate material having an image receiving
layer provided, which is made hydrophilic by a non-sensing oiling
treatment, on the surface shown below was used instead of the

5 aluminum plate in Example 2-1, the non-imaging section was made
hydrophilic by using a. plate non-sensing treatment device: after
the printing plate was made, the plate material conductive layer
is grounded by being brought into contact with a conductive plate
spring (made of phosphor bronze) when recording an image, and hot

10 alr is applied to the pla{:e material to carry out fixing.
. Aplatematerial was produced below; that is, wood-free paper. :
"having aweight 0o£.100 g/m2 was used as the substrate, apolyethylene:
film 20pum thick was laminated on both sides of the substrate to
secure a waterproof property, a coating for conductive layer that -

15 was adjusted as shown below with the following composition was

coated on one side of the paper substrate, the coating amount was
determined to be 10 g/m? after drying, and a dispersion A was coated
so that the coating amount thereof becomes 15 q/m2 after drying,
in order to produce an image receiving layer.

20 Coating for conductive layer:

A coating was prepared by mixing 5.4 parts of c‘arbon black
(30% aqueous dispersion), 54.6partsofclay (50 aqueousdispersion),
36 parts of SBR latex {(Solid content: 50%, Tg: 25°C), and 4 parts
of melamine resin (Solid content: 80%, Sumirez Resin: SR-613),

25 and then adding water thereto so as to have the total solid content



110

of 25%.

Dispersion A

A mixture of 100 g of dry-type zinc oxide, 3 g of Binder

Resin (B-1) having the structure shown above , 17 g of Binder Resin

5 (B-2), 0.15 g of benzoic acid and 155 g of toluene wasvdispersed

using a wet-type dispersing machine (Homogenizer mad by-Nippon
"Seiki Co., Ltd.) at a rotation speed of 6,000 r.p.m.:

'Blister occurred when having executed fixing by applying

hot air.to the plate material. Then, the fixing was carried out

10 by gradually iﬁcreasing the supply power -to a heater used for -

generating hot-air,;or continuously-lowering the rotation. speed

of the drum from a . high speed ﬁo a low speed without varying the

supply power. As a result, no blister occurred, and the print

.obtained by printing with the printing plate had a very clear image

15 without the occurrence of missing, fading or sharpening of .the

printed image after printing 5,000.
Example 3-1

Two liters of oil-based ink (IK-1) that was prepared as
described above was filled in an ink tank of the ink jet recording
20 device with respect to the recording apparatus of a printing
apparatus shown in Fig. 14. Herein, a 150dpi full-line head of
such a type as shown in Fig. 5 was used as the ejection head. A
drop-in heater and an stirring blade were provided in the ink tank
as the ink temperature controlling means to set the ink temperature

25 to 30°C. And, the temperature was controlled by a thermostat while
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turning the stirringblade at 30 r.p.m. Herein, the stirringblade
was also used to prevent precipitation and aggregation. In
addition, a part of the ink flow line is made transparent, and
an LED (light-emitting diode) and a light detector were disposed
at both sides of the transparent section, wherein the concentration
of the ink was controlled by feeding diluent for ink (Isober G)
or concentrated ink (IK-1) (the solid concentration of which was
adjusted to twice that of Oil-Based Ink (IK-1)). A roll-shaped
slightly coated paper was provided on the opposed drum as the

printing medium and was transferred. The ejection head was moved

-+ towards the recording position after dust on:-the surface.of the

printing medium was removed by suction made by an air pump, and
image data. to be printéd were transmitted to the image data.
calculation controlling unit, wherein an image was formed by
dischargingoil-based ink through the full-linemulti-channel head
while transferring the printing medium by rotations of the opposed
drum. At this time, the tip end width of the ejection electrode
of the ink jet head was set to 10um, and the distance between the
head and the printing medium was kept at lmm by an output from
a optical gap detector. A voltage of 2.5KV was normally applied
as a bias voltage, a pulse voltage of 500V was further overlapped
when discharging ink, and the pulse voltage was varied in 256 steps
in the range from 0.2 milliseconds to 0.05 milliseconds, wherein
an image was recorded while varying the dot area. No defects in

recording an image due to dust could be found at all, and no images
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deteriorated at all due to a change in the dot diameters resulting

from a change in the ambient temperature or an increase in the

‘printing time, whereinsatisfactoryplatemakingcouldbeachieved. -

The image was hardened through heatingby a xenon flash fixing
device - (made by Ushio Denki, Light-emitting intensity is
200J/pulse). ‘Inorder toprotecttheinkjetheadafter theprinting
is . finished, the ink jet recording device wa$ retreated 50mm from
the position close to the recording drum.

The print thus obtained had a very clear image without .the

occurrence of missing, fading or sharpening of the printed image.

After the completion of printing, the head was cleaned by supplying

-Isober G to -the head and dropping the Isober G from the opening

of the head for 10 minuites. Then, the head was stored in a cover

filled with vapor of Isober G. By this treatment, prints of good

‘quality were provided for 3 months without any other work for

maintenance.
Example 3-2

A printing apparatus shown in Fig. 15 and Fig. 16 was used,
and a circulation pump was employed as an stirring means (27 in
Fig.2), and four 100 dpi multi-channel heads of 256 channels and
of such a type as shown in Fig. 5 or Fig. 7 were provided. With
respect to the ejector equivalent to 64 channeis, the heads were
disposed so as to be arrayed in the direction orthogonal to the
axial direction of the drum.

As oil-based ink, four colors were used, which consists
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of black ink IK-1l, cyan ink IK-2 that was prepared similarly to
IK-1, excepting that nigrosin used as a coloring agent of the IK-1
was substituted by phthalocyanine blue, magenta ink IK-3 that was
prepared similarly to the IK-1, excepting that nigrosin used as
a coloring agent of the IK-1 was substituted by a CI pigment red
57:1, and yellow ink IK-4 that was prepared similarly to the IK-1
ink, excepting that nigrosin> used as.a coloring-agent of IK-1 ink
was substitﬁted by CI pigment yellow 14. The respective types of
color.ink were filled in the respective four heads.

A pump was used;, an ink reservoir was, respectively, provided

~at an-ink flow course between the pump and-theaejéction head, and

between the ink recovery course of the ejection head and -the ink

~tank. Then, ink was circulated by a difference in the static
" pressure between these courses. A heater and.the above-described

- pumpwere used asameans for controllingan ink temperature, wherein

the ink temperature is set to 35°C and is controlled by a thermostat.
Herein, the circulation pump was also used as an stirring means
for preventing precipitation and aggregation.

In addition, a continuity measuring device was disposed in
the ink flow course, wherein the concentration of ink is controlled
by diluting the ink or concentrating the same on the basis of the
output signals thereof. After dust on the surface of a printing
medium was removed by a nylon rotary brush, the image data to be
printed were transmitted to the image data calculation controlling

unit, wherein an image was recordedby carryingout themain scanning
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while moving the head in the axial direction of the drum, and
simultaneously, the subscanning while turning the recording drum.
And, .ink was éjected onto a roll-shaped siightiy coated paper to
form an image.

-ﬁo defects due to dust could be found at all, and no images
deteriorated at all due to a change in the ambient temperature
or due to a change in the dot diameters.in line-with an increase
in -the number of making plates. In the case where either one of
the types-shown in Fig. 5 and Fig..7, satisfactory single-sided
and double-=sided full color.printing were enabled.

Further, the head was cleaned by causing unwoven cloth

-containing Isober G to be brought into contact with the tip end

of the head after the Isober G was circulated to the head after

~ the printing is completed, wherein it was possible to make plates,

. which can bring about satisfactory printing, without-any further

maintenance for three months.
Example 3-3

Single;sided four-color Printing was carried out by using
a printing apparatus shown in Fig. 18. Four types of color ink
described in Example 3-2 were, respectively, used in four sets
of ink jet recording apparatuses as oil-based ink. Four 100dpi
multi-channel heads of 256 channels of such a type as shown in
Fig. 9 were used. The ejector was disposed in parallel to the axis
of the opposed drum, and the main scanning was carried out by

rotations of the opposed drum, wherein an image of 900dpi was
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recorded on wood-free paper by sequentially moving the heads in
the axial direction per rétation, and sharp and high quality
full-color print was enabled.

Example 3-4

Single-sided four-color printing was carried out by using

" _a printing apparatus shown in Fig. 20 and Fig. 21. The four types

of color ink, which are the same as those in Example 3-3 were used
as oil-based ink. Herein, a 100dpi multi-channel head of 64
channels of such a type as shown in Fig. 5 was used as the ejection

head,. and the ejector was disposed so as to constitute an angle

.of approx. 60°withrespect tothetravelingdirection'ofaprinting

medium. Image.data to be printed were transmitted -to the image .:

data calculation controlling unit, and the multi-channel head of
64 channels was moved in the direction orthogonal to the transfer
direction of the printing medium, wherein an image of 700dpi was
formed on a sheet of paper exclusive to an ink jet by transferring
the printing medium by rotations of the capstan rollers. All the
other operations were the same as those in Example 3-1, wherein

satisfactory four-color print was enabled.

Industrial Applicability

According to the invention, high quality images can be
provided in a stabilized state by an electrostatic type ink Jet
recording method in which a multi~-channel head recording apparatus

is used. Therefore, it is possible to print images on not only
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normal paper but also plastic sheets. Also, the invention is
applicable to a plate making apparatus corresponding to a digital
feature that does not require any development treatment, and to
a on-press recording type lithographicprinting apparatus, wherein
‘it is possible to simply and inexpensively obtain a number of sharp

~~and high quality print.
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